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DATABOOK FOR 
HUMAN FACTORS ENGINEERS 

VOLUME I 

HUMAN ENGINEERING DATA 

FOREWORD 

The information collected together in this databook represents data most often used 
by practicing human factors specialists as determined by a survey of well known 
practitioners of human engineering. The purpose of this handbook is to provide a 
convenient method for taking the most used reference information directly to a job remote 
from the specialist’s regular book shelf. Although it is recognized that such a collection may 
not be as complete as desired, an attempt has been made to cover as many topics as feasible 
within the context of a handbook. The included materials have been taken directly from 
other sources and in a few cases represent original data. 

Volume I of the two-volume series contains typical human engineering data useful in 
determining optimum design characteristics of equipment operated or maintained by human 
operators and/or maintenance personnel. Volume I1 contains formulas, nomographs, 
metrics, conversion tables, symbols, definitions and abbreviations and/or acronyms which 
may be required at some time during the project activities of typical human engineering 
specialists. This information, although available from other sources, often requires that the 
human engineer search thmugh numerous texts, handbooks, specifications or guides in order 
to find what he needs. 

It is hoped that, by providing this collection of information in a more convenient 
form, the human engineer will find his job simplified. These volumes are not meant as an 
educational tool and thus, the books provide very little text. 

Suggestions for future revisions are solicited. These should be sent to Mr. Charles 
Kubokawa, Man-Machine Integration Branch, NASA-Ames Research Center, Moffett Field, 
California, 94035. 



REVSLON SUGGESTION FORM 

id : Mr. Charles Kubokawa 
Man-Machine Integration Branch 
NASA-Ames Research Center 
Moffett Field, Calif., 94035 

FROM: Name 

Affiliation 

Address 

Phone 

SUGGESTIONS: Please be as specific as possible. Identify or provide copy of suggested new 
material. Give specific address as to where material cGuld be acquired. If errors are found, 
identify by page and paragraph, f i r e  or table title. Be explicit about suggested changes and 
provide citations or rationale for suggestions. 

(Please attach new material to this page) 
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ANTHROPOMETRY AND EQUIPMENT DESIGN 

ANTHROPOMETRY AND EQUIPMENT DESIGN 

This section conta 3s information most often used 
directly in the design of specific equipment. The infor- 
mation is arranged somewhat arbitrarily although similarly 
to other handbooks. Since all of the data has been drawn 
directly from othez sources there are obvious overlaps. 
However, any redundancy was considered justifiea in that 
each data item appeared to have singular merit, either be- 
cause of its format or its combination of related informa- 
tion 

It should be recognized that data concerning protective 
garments is subject tc, constant revision as new equipment is 
developed. However, the data presented herein provides a 
reasonable point of departure for development of human eng- 
ineering layouts and inockups. 

It will be noted that certain state-of-the-art component 
data is provided. Although this material does not represent 
all of the hardware possibilities, the information should be 
useful in helping to establish ball-park panel space alloca- 
t ions. 

The following specific references are suggested for 
additional reading: 

Damon, A. et a1 - The Human Body in Equipment Design, 
Harvard Vniv. Press, Cambridge, Mass., 1966, 

Dreyfuss, H. - The Measure of Man: Human Factors in 
Design, Whitnzy Library of Design, 18 E. 50th St., 
New York, N. Y., 1967, 

Woodson, W. E. & Conover, D. W. - Human Engineering 
Guide for Equipment Designers, Univ. Calif. Press, 
Berkeley, Calif . ,  1964. 

Illuminating Engineering Society (I.E.S.) Lighting Hand- 
book (3d Ed), 1860 Broadway, N. y., 1959. 

1- 1 



ANTHROPOMETRY AND EQUIPMENT DESIGN 

Morgan, C. T. et a1 - Human Engineering Guide to 
Equipment Design, McGraw-Hill Book Co.,  N. Y., 1963. 

MIL-STD-1472 - Human Engineering Design Criteria f o r  
Mili.tary Systems, Equipment and Facilities, 1568. 

NASA MSFC-STD-267A - Piman Engineering Design Criteria 
Study; Final Report, NASA Marshall Space Flight Center, 
Huntsville, Alabama, 1966. 

Electronic Engineers Master (EEM) : Manufacturer's Cata- 
log,  United Technical Publications, 6'+5 Stewart Ave.: 
Garden City, N. Y. (current issue). 
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ANTHROPOMETRY 

The following data on human body dimensions are limited to 
the mal 
and cloi.--.d dimensions are provided. The redder i 3  cautioned 
to regard these data as L:seful primarily in establishing prelim- 
inary cbnstralnts in developing initial mockup dimensions. 
The human engineer is urged to seek further refinement of work 
place dimencions by evaluatir,g preliminary mockup config--rations, 
using live subjects whose dimensional characteristics are demon- 
strated in actually performing intended activities of reaching 
for controls, viewing exterior and interior visual displays, and 
testing the adequacy of clearances. 

.ilitary population. It will be noted that both nude 

Additional information concerning limits o i  force application 
may be found in other sections of this volume. 
ments for establishing workplace shape and clearances may be 
found in the section on Equip- :t Design. 

General require- 

1- 3 
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ANTHROPOMFTRY 

ESTIMATED VALUES FOR ASTRONAUT BODY LENGTHS, STANDING 

40. * 4 2 . A  42.C 46.4 

aa.4 40.1 40.6 U.0 

U O  19.7 a0.2' az.4 

A&? la.4 19.9 2:.e 
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156.0 
16.1 

69. C 

U. e 

a, c 

- 
47.9 

46.0 

34.4 

1 2 9  

a. Nude dimensions (Ref: WADC-TR-52-321, AF Flying 
Personnel - 1950. 

b. Shirtsleeve garments. 
c. Environmental Mobility Unit (EMU) intravehicular con- 

figuration (IVC) and extravehicular configuration (EVC). 
Allowance for portable life support unit not included. 

weights in pounds. 
d. Estimated values for c1othir.g and personal equipment 
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ANTHROPOMETRY 

BODY LEPlGTHS (SITTING) BODY LENGTHS (REACHES) 

19. Sitting Height 24. Thigh Qeannce Height,S 31. Span 
20. EyeHeight 

(Internal Canthus Height), S 26. Popliteal Height, S 
21. Shoulder Height 

(Acromial Hrght), S 
22. Waist Height, S 
23. Elbov Rest Height, S 

25. Knee Height, S 

27. Buttock-Knee Length 
28. Buttock-Leg Length 
29. Shoulder-Elbow Length 
30. Forearm-Hand Length 

32. Arm R e x h  from Wall 
33. Maximum Reach from Wall 
34. Functional Reach 

Body Lengths, Sitting 
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ANTHROPOMETRY 

EIS?XMhTED DESIGN VALUES FOR ASTRONAUT BODY LENGTHS, SITTING 
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ANTHROPOMETRY 

NUDE BODY DIMENSIONS OF U. S. ARMY AVIATORS 

Dimens ion 5th % 50th % 95th % 
~~ ~ ~~ ~ 

Weight (lbs) 135.9 
Stature (inches) 65.8 
Eye height, sitting 28.8 
Head height 4.6 

Head length 7.3 
Sitting height 33.5 
Crotch height 28.9 
Shoulder breadth 16.8 
Seat width, sitting 12.8 
Kneecap height, sitting 18.9 
Buttock-knee length 22.1 
A r m  reach forward 33.5 
Arm reach upward 50.5 
Leg length, sitting 42.1 
Hand length 6.9 
Hand breadth 3.2 
Foot length 9.9 
Foot breadth 3.6 

166.5 
69.4 
30.9 
5.0 
7.8 

35.6 
31.6 
18.2 
14.2 
20.9 
23.8 
36.0 
54.1 
44.9 
7.5 
3.5 
10.6 
4.0 

199.7 
73.3 
33.1 
5.4 
8.2 
37.7 
34.6 
20.0 
15.7 
22.8 
25.8 
38.5 
57.4 
47.6 
8.1 
3.8 
11.5 
4.4 

U. S. Army QM TR-EP-150 
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ANTHROPOMETRY 

m n  

alum- 
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ANTHROPOMETRY 

BODY DIMENSION DATA FOR U.S.NAVY TECHNICIANS 

5th % ' 50 $ 95 % Dimension 
Category 

Standing Height 66.2 
Standing Eye 61.3 
Height 

Height 

Height 

Height 

Fieight 

b i g h t  

??eight 

Height . 

Standing Shoulder 53.8 

Standing Elbow 39.4 

Standing Crotch 32.3 

Sitting Head 34.2 

Sitting Eye 29 .? 

Sitting Shoulder 22.0 

Sitting Elbow 7.6 

Knee Height 20.3 
Knee Clearance 22.5 
Seat Height 15.9 
Bfiobilcier Width 15 . 8 
Forward Reach 29.3 
Side Reach 32;3 
Fore arrnfiand 17.9 
Length 

69.9 
64.8 

57 *1 

42.2 

36.3 

31.5 

23.8 

9.3 

21.8 
'24.1 
1.7 3 
17.6 
31.4 
33.8 
19.1 

73.9 
68.8 

60 e 8  

453 

3 7 A  

38.4 

33.6 

10.9 

23.5 
26.1 
18.8 
19.4 
34.0 
36.3 
20.4 

NAEC - Air Crew Equipment Laboratory 
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ANTHROPOMETRY 

~~ 

6RIO REPRESENTS IO I IO INCHES 

- - - - - - - - - - -UPWARD HEAD MOVEMENT 

~ ~ ~~ ~ ~~ 

EXTREMITY STRIKE ENVELOPE: Survival Clearance with Lap Belt 

1 - 1 7  



ANTHROPOMETRY 

GRID C E f R E S f N f S  10 I IO IYCHCS 

- - - - - - - -U?WARD HEAD YOVEYENl 

~~ ~ ~ 

EXTREMITY STRIKE ENVELOPE ( with full r e s t r a in t  system) 
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4 - Hcnd and 
ovca flxod 
fnclng front 

I I '  

_ _  ~ ._ ~ 

A 1  - Anglo from CL of oyo lo rlchl and loft Ilmlt. 

A3 - Tot111 horlrontal flold elthor eye 

A4 - Tohl horlrontal flold both oyom 

85 

60 
166 
180 

A 2  - Anglo from CL of cy0 to MU) Interference 

Cornition 

' AS - Angle from CL of oye to brow lnterferenee (up) I A6 - Anglo from CL of eye to c h k  lnbrfem#lOe (+ma) 

Llmlt Hoaadroment 

46 
67 

Ghlrtaloove or 
P M  H O l m e t  OU 

(d07' 

3 - Hoad rotated 
to normal 

A7 - Total vcrtlcal floU both ayor 

D1 - Wmll of hod rotatlor lo righ8 ud loh 
D2 - %me ar A1 

250 

48 
67 

113 

72 

OS 

- 

e4 

0 

0 

1' ' la  about B3 - Sam0 am A2 60 
2 axla; eye. M - &me 81 A3 I 156 I 

frcIng front; 

eyer rotated 

to normal 

flxed fAClng 
froat 

D2 - &me aa A6 

D3 - Normal llmlt d e p  rot.uI. cm 
M - &nw ar  A8 

16 I : :  

B6 - Total horlront.1 vhml fbld for a l b r  ry. wltb 

B6 - Total horltont.1 v l w l  fbld for hdh o y u  rW 
:*ad I -%allon 

head rotatlon 

R7 - P m b  a@ A5 

88 - Same a8 A6 

t - Hod and e p r  

routd to 
a o r d  Ilmit. 

Ir, X-8 pkrv 

209 

334 

46 
07 

~~ 

El - ErtlnuW I h U  d Ld rd.Um (w) 
El - &me .a D1 
E3 - &ma u A6 

E4 - Fr t lunbd UIU .I Lrd mtsuol, (d.r3 
E l - & n u u W  
El - & m b u A l  
E7 - I * P P . u A T  

B9 - Same aa A7 113 
I 

: - Hood rotaled 

to mrmal 
llmlta about 2 
axla; eyer 

rotated to nor 

nul Ilmlta in 
X-Y plan (& 

FU. 71) 

C1 - Snmc ar 81 
C2 - Limit of eye routton w right ud Lh 
C3 - GPmo aa A 1  

C4 - GPme ar  A2 

CS - &me 88 A3 

C6 - Total horlrontal v1r .d fkld for aubr oyu WW 
head and eye rotatlon 

head ~ n d  eye W t l O a  
C7 - Total ho-1zont.l v t u l  fkl; a o r  bou oyu W W  

C8 - &me 8a A5 
C9 - Stme a0 A6 i C10 - &me Aa A7 

I I I Dl - Normal Umlt d .y. rol.riocl (Up) I 46 D - Head flxed 

D5 - 6.m u AT I llmltr In 
x-z DhM I 

96 

60 
156 
180 
46 
67 
113 

Ertlmnlod 
Doc ro monl 

h e  to Holmet 
(dog) 

0 
0 

0 

0 

0 

0 

0 

- 

30 
86 

60 
165 
ais 

42 

0 

0 

0 

84 

0 (42)(b) 

0 
0 

0 (26)(b) 
0 (OP' 
0 (87)(b) 

271) 

113 

48 
18 
66 

1 16 
133 16 

16 
48 
18 
30 
46 
0 

146 

- 
65 
0 
0 
70 
a i  

in 
14 

1 - 1 4  



ANTHROPOML TP.1 

X 

f- MlDSACGlTAL PLANE 

FIELD 

113. 

Normal M o ~ m l a r  d.Binoaular Visual Fields With Head 
a d  Eye8 ?ix 
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AN ‘I H RO POME ‘I’ R Y 

X 

Visibility Afforded by Pressure Suit Assembly 
H e l m e t  with Head and Eyes F i x e d  

1- 16 



ANTHROPOMETRY 

Normal Monocular and Binocular  Visual  
F i e l d s  w i t h  Head and Eyes Moving 

1--17 



ANTHROPOMETRY 

MlOSACClfAL PLANE 

Visual Field With Head Fixed 
and Eyes Moving - 5  
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ANTHROPOMETRY 

AVAILABLE VIEWING ANGLES FOR VARYING WINDOW PORT DIAMETERS ANU 
VARYING VIEWINGS DISTANCES FROM PORTS 

Viewing Uitxtmce 
From Port (in Inchem) 
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* t  

** 3 
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**Cloecet Dietanoe Crewman with Gemini Helmet on and Vieor Down Can Get to 
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ANTIIP.0 POMET RY 
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ANTHROPOMETRY 

E 

D 

A/P22S-2 Full Pressure Suit 

(Unpressurized) 

Dimensions in inches 

Sma 11 Large 

A,  Stature 66.6 

B. Eye Height 60.5 

C. Crotch Height 29.0 
D, Hip Breadth - 
E. Max. A m / A r m  Breadth - 

~- 

75.7 

69.7 
- 

14.8 

25.2 

Extracted from: AMRL-TR-69-6, Anthropometric Dimensions of 
Air Force Pressure-Suited Personnel for Workspace and Design 
Criteria by Milton Alexander et al. 
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ANTHROPOMETRY 

A/P22S-2 Ful l  Pressure  S u i t  
(?res  sur ized)  

Dimens ions i.n inches 
~~ ~ 

Small Large 

A. S t a t u r e  

B. Eye Height 

C. Crotch Height 

D. Knee/Knee Breadth, 
widest  po in t  

E. Max. Arm/Arm Breadth 

6 3 . 1  

55.7 

28.3 

72.3 

65.8 
- 
20.5 

35.2 

1-22 



ANTHROPOMETRY 

A/P22S-2 Full Pressure Suit 
(Unpressurized) 

Dimens ions in inches 

Sma 1 1 Large 

A.  Head Height 

E. Eye Height 

C. Max. Thigh Height 

D. Elbow Height 

E. Buttock Width 

F. Elbow/Elbow Width 

35.2 

data not 
- 
7.5 
- 

1 8 . 3  

3 9 . 4  

pvai lable 

26.4 
10.7 
16.0 
23.1 
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ANTHROPOMETRY 

A/P 22s-2 F u l l  Pressure  S u i t  
(P res su r i zed )  

Dimens ions in I uches 

Sma 1 1 Large 
~ ~ 

A. Head Height 36.0 40.8 

B. Eye Height d a t a  no t  a v a i l a b l e  

C.  Max. Thigh Height - 29.0 

D. Elbow Height 7.8 11.7 

E. Buttock Width, Max. - 24.7 

F. Elbow/Elbow Width 21.6 31.4 

G. Max. Hand/Hand Breadth - 34.6 

1-24 



ANTHROPOMETRY 

A/P22S-2 Full Pressure Suit 
(Supine, Pressurized) 

A. Helmet Depth 
B. Chest Depth 
C. Knee/Buttock Depth 

D. Buttock/Helmet Length 

19;7 
15.1 
24.1 
45.1 
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ANTHROPOMETRY 

r k  

a I 

c 
n 

0 a 
In 

- 
m' 
U '  
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ANTHROPOMETAY 

10th Percentile Astronaut, Prt,uure Garment Assembly (3.5 psi) 
Typical Dimensions 
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ANTHROPOMETR' 

Apollo Suit A m .  Mobility ChL2acteristics 
(3.5 psi) 
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ANTHROPOMETRY 

7 
v) 
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ANTHROPOMETRY 

Antenna 

Oxygen Purge System - Lunar Eii t ravehicular 

Backpack Control Box 

Backpack 
Connector Cover 

tion, Ventila- 
liquid Cooling 

Oxygen Purge 
System Umbilical 

LM Restraint Ring 

Dosimeter Access Flap Utility Pocket 
And Donning Lanyard 
Pocket 

Extravehicular Mobility Unit (EMU) f o r  Lunar 
Exploration 
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ANTHROPOMETRY 

Elbow 
. (Flexion-Exteasion) 

Forearn Rota:ioa 
Supinacioa (Pal- up) 
Pronazioa (Palas down) 

EMU Mobility Characteristics 
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ANTHROPOME'i AY 
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ANTHROPOMETRY 

U p  Adduction 
(Knco Bent) 

Xip Wuet ion  * 

(woae Wt) 

Ankrcr Extension 
Ankle F l d o n  

EMU Mobility Characteristics (cont.) 
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ANTHROPOME'i ' i  Y 

Can maintain stab1 
to 180° with no 

e suit position from 
"spring back" torque 

. 

80° 

Waist Abduction 
Waist Adduction 

Xe. rotatioa 

EMU Mi,. 1 ity Characteristics (cont .) 
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ANTHROPOMETRY 

t 
Yr 
0 
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ANTHROPOMETRY 

1 VERTICALTRUNK ClRC 

SHOULDER BREADTH 

19 WA I ST BREADTH ’ 

.- U 

RX-5 CONSTANT VOLUME, HARD LUNAF SUIT 
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ANTHROPOMETRY 

18 BICEPS CIRC 
Is z CHEST DEPTH 

151 WAIST DEPTH 
8 

4 
1 WAISTCIRC n ss- 
4 

#i BUTWKCIRC 
2 112 HIPDEPTH 

8 

25 LOWFR THIGH ClRC 

282 KNEECIRC 
8 

221 CALF ClRC 

211 ANKLEClRC 

SIZE II: BOOT 

8 

4 

1 
2 2  

SHOESIZE al -10- 

RX-5 LUNAR SUIT (cont.) 
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ANTHROPOMETRY 

RX-5 LUNAR SlM'  (cont.) 

c lRC 
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ANTHROPOMETRY 

SIZEV + a 4 0  
I , - 1.20 

RX-5 CONSTANT VOLUME' HARD SUIT SIZE VARIATIONS 

U M E N T  S IZES OF SUIT MEASURED 

1. UPPERTCt 50-SlZE I l l  

2, LOWER TORSO -'SIZE I I I (ADJUSTED TO THE 
SHORT Pori ITION) (+ Q 7 Y  ADJUSTMENT' 
POSSIBLE1 

% UPPER ARM - SIZE IV 

&*!OREARM SIZE I I 1  

5. THIGH - SIZE I 1  (ADJUSTED TO SHORT 
POS IT ION1 ( + Q 87' ADJUSTMENT 
POSS IBU) 

6 CALF - SIZE I 1  
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AN'I't IROPOMkTRY 

- 66" rMXIl\r\UM REACH HEIGHT . 

- 60' MAXIMUM WORKING HEIGHT 

OPTIMUM YVORKING HEIGHT 

- 28" MINIMUM WORKING HEIGHT 
- 22" MINIMUM REACH HEIGHT 

2ractical Limits of Lun-r Suited AFtronaut 

1-40 



ANTHROPOMETRY 

-- Extmvehicular GI ove Assembly 

The extravehicular glove assembly is a full pressure 
glove designed to allow crewman hand dexterity and tactility 
while supplying the required thermal/micrometeoroid protection. 

Dexterity (on modified peg board) Percent c f  Nud# Hand Capability 
Pins - Right Hand 33% 

Left Hand 19% 
Both Hands 12% 

Pins - Right Hand 65% 

Left Hand 59% 
Both Hands 42% 

Torql ling Capabilities Fin,ertip Functional 
0.75 inch diameter 3.8 in. lbs. 
1.00 inch diameter 5.2 in lbs. 

- 1 .25  inch diameter 7.6 in. lbs. 
1.50 inch diameter 9.6 in. lbs. 
Finger Curl-Ar0m.d Functional 
0.75 inch diaiieter 3.8 in. lbs. 
1.00 inch diameter 5 . 2  in. lbs. 
1 .25  inch diameter 7.6 in. lbs. 
1.50 inch di.amrter 11.4 in. lbs. 
Screwdriver - 4 . 1 J t t  in length 

1 . C1 If dime ter : 

Pronation 51.66 in. lbs. 
Supinatiorr 48.66 in. Ibs. 

Ball - Glove 2 inches diaqeter 
Pronation - %,6b in. 13s. 
Supination - 60.83 in. lbs, 
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ANTHROPOMETRY 

WELL 

ev awe 
- 

Extravehicular Glove Assembly 
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ANTHROPOMETRY 

* Hinpe Point 
and Symbol. 

Centers of Gravity and Spxific Gravity of Man 

Coo;dmatea (hcnchce) 

X 1 Y I T 

Dbpm of Hinge Points and Centers of Mass 

Neck - A  0 0 
Shoulder .B 0 1.88 
EBOW - C  0 I .  80 
HIP - 0  0 3.30 
Knee * E  0 3.30 

Mars Center 
and Symbol. 

U t 4  0 1  0 0 
Torso 0 2  0 0 
UpperArm 0 3  0 7.88 
h e r  Arm 0 4  0 7.88 
Hand 0 5  0 I .  88 
U p p c r k c  C S  0 3.30 

. h e r l e g  C7  0 3.30 
Foot oa 2.45 3.30 

59. J8 
56.50 
43. M 
34.52 
18.12 

64.10 
46.80 . 

50.83 
39.20 
31.68 
27.68 
11.80 
1.37 

Coordinates of the Segment Hinw Poina a d  W a s  Centers 
of USAF 50th Percentile Man 
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ANTHROPOMETRY 
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EQUIPMENT - COMPONENT DESIGN 

EQUIPMENT DESIGN 

The follwing pages include information useful in establish- 
ing shape and size of furniture and equipment. Included are ex- 
amples of typical off-the-shelf hardware available from the open 
market, showing dimensional characteristics important to the 
human engineer in planning preliminary layout of operator panels 
and work stations. This information is only representative and 
is not meant to indicate a -ecommendation for any specific com- 
ponent - or that these items are all-inclusive. 
is parcicularly useful in developing preliminary mockups, indi- 
cating how much space is probably required to accomodate certain 
components - both in terms of the front and rear of a control 
pane 1. 

Such information 
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FURNITURE-EQUIPMENT 

1 0  
2" 

8.5" 
1 8  

16" 
18" 
1 6  

6 2  
1 5  
v 

1 6" 

7" 

CHAIR DIMENSIONS: 

ARM RE-TS: 
A. Length 
B. Width: 
C. Height: 
D. Separation: 

E. width: 
F. Height: 
G. Depth: 

BACK REST: 
H. Space: 

1. Height: 
J. Maxcutve: 
K. Width: 

(when, required): 
L. Fromcsnmr 
M. Width: 
N. Length: 

SEAT: 

FOOTRESTS: 

* 
f: 

f 

FIXED ADJUST + 
2" 

2.5" 

2 

2" 

*Adjustm 

REQUl REMENTS 

MINIMUM CLEARANCE REQUIREMENTS: 
0. Kneehole depth: 
P. Kneehole width: 
Q. Kneehole height: 
R. Desk towall: 
S. Lateral work clearance: 

(1 )  Shoulders 
(2) Elbows: 
(3) Best overall: 

T. Height of work surface: 
U. Width of work surfaca 

(1 1 Elbow rest alone: 
(2) Writing surface: 
(3) Desk work area: 

DESK OR WORK SURFACE DIMENSIONS: 

V. Length of w k  area: 

FIXED 

1 8  
20'  
26' 
32" 

23" 
25" 
40" 

MIN 
29" 

4" 
12" 

3V' 

it range. Adjustability is preferred for there dimensions. 

Desk and Chair Dimensions 

ADJUST 

BEST 
30" 

8" 
1 6  
36" 
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FURNITURE-EQUIPMENT 

B 

w -  23 in. 
D -  21 in. 
s -  
B -  30 ip. Chair 

17 in. Standard Office 

w -  19 in. 
D -  19 in. Secretarial Chair 
s -  18 in. 
B -  31 in. 

w -  17-21 in. 
D -  21 in* Special Molded 

17 In. Occasional Chair 
s -  
B -  28-30 in. 

W -  
D -  
.s - 
B -  

19-26 in. 
19 in. 
17 in. 
30 in. 

Executive.Chair 

TYPICAL STANDHRD FURNITURE CHARACTERISTICS 
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FURNITURE EQTJ I PMENT 

I 

STANDARD DESK - 30Dx60W-29H ( i n . )  

CONFERENCE DESK - 36Yx72Wx29-3OH 

STENO DESK - 30Dx60Wx29H ( i n .  
( A  19. B 39 in. 

DRAFTING TABLE 
D - 30, 36 i n .  
W - 62, 72 i n .  
H - 25, 28 in. 

FILING CABINETS 

% D r a w e r  w 15-18x~ 28x H 29-1/2 i n .  
3 -Drawe  n W It  D I' H 41 ' in. 
4 - D r a w e r  W D I' H 52-1/2 i n .  
5 - D r a w e r  W D "  3 6 4  i n .  
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FUPNITURE-EQUIPMENT 

3 

'T-x-vi- 

General Dimensions for Mockup of Saated Operator 
(Sth-gSth% Male Operator) 
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E'URNITURE-EQUIPMENT 

General rimensions for Mockup of Standing Operator 
Station (5th-95th% Male Operator) 
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F U R N  I TURE - EQU I PMENT 
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FURNITURE-EQUIPMENT 

Console Dimensions, Seated Operator 

\ 

w 

A a 
Stand Si t/S tand 

Dimensions for Optimum Scope Viewing 
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FURNITURE-EQUIPMENT 
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FURNITURE-EQUIPMENT 

E 
0 
Ls w c.r 
4 w 
v) 

--- 7-- 

QtEsr c a J 4  w e J J  
f 

L. 

m 
k 
0 
U m 
k 
Q) a 
0 

a 
k 

2 
k 
0 

4J 

k 
0 
w 

k 
0 
L) 

... 
2 
QI a 
0 

G a  o n  

2 
0 
4 
L) 
m 
k 
a) a 
0 

17 c 
91 

E 
!ii 
E 

c 
d 
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FURNITURE-EQUIFMENT 

Shoulder 
HeiGht 

65.8" 

I 

Mean Eye 
tieight 

23 

53" 
Mean 

\ 
Depth of reach 
decreases to  about 
14 inches a t  eye 
level and waist 
level due t o  bend- 
ing of  arm around 
front panel of 
chassis 

Dimensional Considerations for Internal 
Cabinet Access 
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FURNITURE-EQUIPMENT 

‘C 
C+, 
d 
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FURNITURE-EQUIPMENT 

2 

t . 
J 
2 

&hmnw 

Trrnrport equipment rhould be specified for modules weighurg more 
than 35 poundr. M.nully-propalled trenrport vehicle8 ora recommended for 
the muller of there dtr,.  Such vehicler 8bOdd reflect the following dcrign 
COAI id8 i a t h O t  
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A FURNITURE-EQUIPMENT 

n 

I 1 
* f %  i- 
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FURNITURE- EQUIPMENT 

Lo N c 

I f  t \ I  I 

CI) (Y .- 0 

z 
c 
3 

c 

0 

CD 
a 
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EQUIPMENT HANDLES 

Curvature of handle or edge 

GRIPPING EFFICIENCY IS BEST UPTO 15LBS: 1 h - 1:8 IN. 
IF FINGERS CAN CURL AROUND 
HANDLEQREDGET0ANANG;E 
OF 120 DEGREES OR BETTER. R - 318 IN. 

BUT 1'5 IN. 

I T-BAR POST: I T - 1/2 IN. I 

DIMENSIONS 
OF HANDLE 

~ ~~ 

TYPE OF HANDLE: ~ 

ONE-HAND BAR 

TWO-HAND BAR 

TWO-FINGER BAR 

ONE-HAND RECESS 

TWO-FINGER RECESS 

@!'€-FINGER RECESS 

FINGER-TIP RECESS 

T-BAR 

I-BAR 

.Dimensions of handle 

EXPECTED USER CLOTHING 

BARE HAND 
~~~~ ~- 

X Y Z  

2.0 4.25 2.0 

2.0 8.6 2.0 

1.25 . 2.5 1.5 

2.0 4.25 3.5 

1.25-DIA 2.0 

1.2s-DIA 2.0 

0.75-DIA 0.5 

1.5 4.0 1.5 

2.0 4.0 2.0 

ARCTIC MITTEN GLOVEDHAND 
X Y Z  

2.5 4.75 2.0 

2.5 9.5 2.0 

1.5 3.0 1.5 

2.5 4.75 4.0 

1.5*01A 2.0 

1.5-DIA 2.0 

1.0-01.4 0.75 

2.0 4.5 2.0 

2.0 4.5 2.0 - 

X v z  
3.0 5.5 3.0 

3.0 11.0 3.0 

DON'T USE 

3.0 5.5 5.G 

DOd'i L'S; 

DON'T USE 

I USE 

DC.. I JSE 

3.0 5.0 3.0 
I 

BAR HAND RECESS T*8A R FINGER 

S p a r  o f  hsndlem 
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EQUIYENT HANDLES 

C 

Round Cross-Section 

C 

Oval Cross-Section 
(Preferred) 

Folding Handle 

(inches) 
A B C 

~~~ - ~ 

9 1-315 5/16 
2 1-5/16 5/16 

9 1-314 114 
2 1-5/16 1/4 

4 1-17/32 

Typical OFe-themshelf Equipment Handles 
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EQUIPMENT HANDLES 

1 *:r .Anation Assemblies Which Serve As 
, G , , C ~ ~ A A I ~  Device and Chassis Carrying Handle 
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LATCHES-FASTENERS 

1- 64 



LATCHES-FASTENERS 

011) wQL( 1/16 TO 1-7/14 
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LATCHES-FASTENERS 

I 
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LATCHES-FASTENERS 

dud ejector 

Typical Spring-Loaded Panel Fastener 
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A C C E S S I B I L I T Y  

MlNildAL FINGER ACCESS TO FiRST JOINT: 

' TWO FINGER TWIST ACCESS: 

0 Bare Hand: 2.0" dia. clearuiw YO& %jt=: 

PUfH BUTTON ACCESS: 

&teHurd: I.n"di& 
0 WorcdHud:  1.5"di~. 

V A C W  TUBE INSERT (lube held as at ti@t): 

MiNlUAL ONE HAND ACCESS OPENINGS: 

WTY HANG TO BRITT: WIDTH 
3.75" g. 01 
2.25" I 4.0' 

HEIGHT 

&a. 
OI 4.0" d i r  

a 6.0" d~a. 
Q 5.5" d i r  

TO IIRiST: 
3.5" x 5.0" 
4.5" x 6.0" 

rim 79"x 8.5" 
I 

OT 5.0" dia. 
01 6.0" dia. 
OI as* a. 

HAND PLUS I" DiA OBJECT, 
TO WRIST: 

Bur hand: 
3 . w  sg. OI dlr 

Clove o( a t k n :  
6.0'' sq. or drr. 

0 Bulky Protective rrltea: 
7.0" t~. 01 dia. . 

HAND PLUS OBJECT OVER 1" IN OiA 
TO WAISi :  

e Bare hanG: 

e Clove 01 milten: 

e Wky plolcbw mtm: 

, 1.15" clearance round obiacl 

2.5" cleuance olound objecl 

&9' Ckuw uovw objrcl 
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ACCESSIBILITY 

1.26 
i 1.62 
I 1.67 

1.52 
1.36 
1.04 

DISTANCE 

1 IN. 
2 IN. 
3 IN. 
4 IN. 
5 IN. 
6 IN. 

~ 

1.16 
1.45 
1.49 
1.45 
1.41 
1.31 

~~ 

.68-2.00 
32-2.25 
.93-2.25 
.65-2.20 
.40-1.95 
.35-2.50 

~~ 

1.90 
2.31 
2.42 
2.40 
2.32 
2.21 

~ ~~ ~ 

1.37-2.50 
1.75-2.85 
1.88-2.8 1 
1.75-3.00 
1.63-2.95 
1.68-2.90 

VERTICAL AXIS I 
MEAN up RANGE 1 MEANRANGE I 

~~ ~~ ~. 

1.51 
2.00 
2.26 
2.39 
2.31 
2.44 

~ ~~~ 

.66-2.25 
1.08-2.91 
1.25-3.33 
1.25-3.33 
1.25-3.50 
1.83-3.58 

SO-2.08 
. .58-2.33 

.58-2.58 

.58-2.50 

,3301.83 
sa-2.25 1 

NOTE: 
THE POINTS ARE GIVEN IN INCHES FROM'AN IMAGINARf LINE 
EXTENDING ALONG THE AXIS OF THE TOOL INVOLVED. WHEN 
ALLFOURUNDERLINEDPOINTSAREPLOTTEDONPERPEN- 
OCULAR AXES THEY DESCRIBE THE MAXIMUM AVERAGE 
VCLUME REQUIRED FOR THE OPERATION. A MORE GENEROUS 
AND COMFORTABLE ENVELOPE IS DESCRIBED BY USING THE 
MAXIMUM RANGE VALUES INSTEAD OF THE MAXIMUM MEAN 
VALUES. 
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ACCESS I B I L I TY 

TWO HAND REACH 6 TO 25 LIGHT CLOTHING 

INCHES IN DEPTH 

4.5" X 4.5" DIA OR 3.5" 
AROUND OBJECT 
7'' X 7" DIA OR 3.5" 

iNSERT OBJECT WITH HANDLES ON FACE INSERT OBJECT WITH HANDS ON SJDES 

A 
LIGHT CLOTHING 

BULKY PROTECTIVE a 
CLOTHING B 

VlSlBLEACCESS 

A I BOX PLUS 1.5'' 
B I BOX U S  4.5" (LIGHT CLOTHING) 

88 -kkz' Lr:fPLUf 1.5" WHICHEVER IS GREATER 

8'' OR 75.. OF REACH 
5,e 
6" PLUS 7 5 1  OF REACH LIGHT CLOTHING AROUND OBJECT 
7" 

226', 

ARY TO SHOULDER 
5" X 5". 5" DIA OR 3.5" 

6.5" X 8.5". 8.5" DIA OR BULKY PROTECTIVE CLOTHING AROUND O a E u  

1 wx PLUS F (~ULKY PROTECT~E CLOTHING; 
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ACCESSIBILITY 

FOR INSERTING EMPTY 
HANDS, APERTURE SHOULD BE 
4" HIGH BY 
3/4 X DEPTH O f  REACH 

Antlcontgt. G a  Wet-oold Glove W- Arctic Nitten 
Hand Attitude x ' , z  X I 2  x Y .z X I 2  

mended flat: 10,3 4.5 2.5 

GrasBinu hadle; 
.25" diameter: 7.0 5.0 3.5 
1.0" diameter: 7.0 5.0 3.5 
2.W diameter: 7.5 4.5 4.2 

.2Sn diameter; 8.0 3.8 
1.W dlameterr 9.0 1.5 4.0 
2.W dhmeters 9.5 3.7 3.7 

Cl08Cd a8 flstr 7.0 &Q 3.3 

Grasallrp: knob; 

w, 5.5 3.0 
7.3 3.7 

r/.3 5.5 3.5 
7.3 5.3 4.0 
8.0 4.7 6.0 

9.0 4.6 4.0 
9.0 4.5 4.0 
9.2 6.5 & 

11.0 5.7 4.2 
11.0 5.2 4e5 
12.0 5.2 

U.5 5.0 4.2 
U.0 5.0 4.0 
l2.5 4.6 4.6 

16.1 5.2 
u.3 5.2 

11.0 
l4.7 5.2 
15.0 5.4 

15.5 1.8 
15.S 4.8 
16.0 1.7 

3.6 
L4 
1.5 
4.5 
5.0 

4.5 
4.8 
a. 5 - 
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ACCESSIBILITk 

RECOMMENDED PASSAGEWAY DIMENSIONS 

DIMENSIONS 

I 

6 '- .st f 2 feet wider than Main passageways or hallways 
1 
/widest object to I 

'pass through the i 'hallway ! 

i Width when one door opens into 
I passageway 
i 
i Width when two opposing doors 

! 
; Width for light traffic when ' 
no doors open into passageway 

I a open into passageway 

i 
114 inches; 30 inches higher i Height of passageway to clear 

:than tallest equip- i mobile equipment i cment passir'g through 1 

: 
i passageway ! 
1 1 Height of passageway to clear ?S inches i - - -  
i i t personnel 

- i 
Note: Above dimensions do not apply to special facilities such 

as Vans, Submarines, Military Aircraft, ect. For such 
facilities refer to anthropometric criteria and consider 
clearance for special *clothing, critical equipment opera- 
tion and handling of mobile equipment during ingress, 
egress, remove and roplace, and emergency escape. 
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P T'SILITY 

rl 

2 
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.rl 
JJ 
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k 
Q) a 
0 
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.d 
J I+ 

a a 
k 
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co J .d 

.rl k u 
G O  m 
4 a k 
E a  Q) 
n ?  a a m  0 

3 
w r f  W Z I  
d 
3 CY 
W 
p: 

z 
0 
H 
m z w 
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H 

i3 
0 
& 
I 

Q) a 
h 
& 
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d 
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ACCESSTBILITY 

"A" WTTlrrC; WRK SPACE ~" 
"A" 
-0- I1I(EELlE WRK SPACE 

W I n C  WORK SfWE "A" 

SQUATTIYS WORK. SPACF 

CtOTHI?lC 
51 WN 8 YIN 
o w  36 YlN 
59 YIN . SbUIN 
50 YIN 42 WN 

U YIN 36 UtN 

rc-- 0-- 

"A" KREELIM CRAWL SPACE 'g.. 

KNEELINS WORK SPACE . b 

5 

38 YIN 31 YIN 

W E  ALL OUIENSIONS IN IllCHES 

STOOPING WORK SPACE KNEELING CRAWL SPACE 
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ACCESSISILITY 

"A" 
"B" SUPINE WORK SPACE 

"A" 
"B" PRONE WORK SPACE 
"A" 
"B" VERTICAL ENTRY HATCH 

ROUND DIA. ENTRY HATCH "A" 
"A" 

HORIZONTAL ENTRY HATCH ,,B,, 

SUPINE WORK SPACE 

PRONE WORK SPACE 

1 

CLOTHING 

26" MI N 20" MIN 
78" MIN 78" MI N 
24" MI N 17" MIN 
96" MIN 96'' MIN 
20" MIN 12" MIN 
32" MIN 24" MIN 
32" MIN 24" MIN 
24'' MIN 
32" MIN 22" MIN 

I J 
1 

L B - 1  
VERTICAL ENTRY 

.. .. 
I - 

ROUND (DIA) ENTYf HATCH HORIZONTAL ENTRY HATCH 

I BULKY PROTECTIVE I LIGHT CLOTHING 
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STAIRS-RAMPS 

\ 

.- 
a 
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STAIRS-RAMPS 
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STAIRS-RAMPS 

TYPES OF STRUCTURES (IN ORDER OF PREFERENCE) 
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CONTROLS 

Recommended Spacing Between Controls 

ConTROL 

CRAMS 

> 

EDGE TO E K E  $EPARATION 

MEASURE OF SEPARATION TYPE OF USE OESRABLE MIUIMUM OikRABLE OISTMCE 
FOR SATIONARY FOR MOVING 

UTUATION VEHICLE SITUATION 

w' ONE HANO 2" r 
INOIVIWALLV 

5" TWO HANDS 
SIMULTANEOUSLY 
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CONTROLS 

TYPE: ROLLER (CONTINUOUS) 
L E N G T H =  1.000 
WIDTH= .375 

SWEPT AREA: 
ARE HAND: MAJOR A X I S =  .8 

LOVED MANO. 
MINOR A X I S =  1.8 

MAJOR AXIS = 2.11 
MINOR A X I S =  1.25 

TYPE: TOGGLE SWITCH 

I , HEIGHT = ,375 
SWEPT AREA: 

DIAMETER= .125 

BARE HAND: MAJOR AXIS= 1.30 

GLOVED HAND: MAJOR AXIS = 1.30 
MINOR AXIS 7 .u. 

MINOR A X I S =  .85 

II 1 t 
TYPE. ROUND KNOB 

DIAMETER = .l2S, 
HEIGHT f 500  

SWEPT AREA: 
BARE HAND. D I A =  1.2 
GLOVED HAND: DIA = 1.4 

TYPE: ROUND KNOB 
DIAMETER = ,873 
HEIGHT = 300 

SWEPT AREA: 
BARE HAND: D I A =  1.8 
GLOVED HAND: DIA = 2.4 

1' 
DARE UANO- GLOVED n A w -  - - 1 

Criteria for Minimum Control Spacing 
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CONTROLS 

I C  
TYPE: PUSHBUTTON 

DlAMETEH= .I25 
HEIGHT = . la7 

SWEPT AREA: 
BARE HAND: D I A =  .65 
GLOVED HAND: DIA= .85 

TYPE: ROUND SELECTOR KNOB 
DIAMETER = .425 
i i E  IGHT = .625 

SWEPT AREA: 
&ARE HAND: MAJOR AXIS= 1.1 

MINOR A X I S =  .9. 
GLOVED HAND: DIA = 1.5 

TYPE: PUSHBUTTCN 
DIAMETER = .SO0 
HEIGHT = .375 

SWZPT AREA: 
' BARE HAND: DIA = .90 

. Ci.OVE0 HAND: DIA = .90 

I 

WIDTH OF B L A D E =  .37! 
LENGTH= SO0 
HEIGHT = 3-00 

BARE HAND: D I A =  1.35 
GLOVED HAND: 

MAJOR A-XIS 2 2.1-9 
MINOR AXIS= 1.50 

1 I I  

BARE HAW -.GLOVED HAND - - - 
Criteria f o r  Minimum Control Spacing 
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CONTROLS 

I 

TYPE: ROUND SELECTOR KNOB 
DIAMETER = .62 
HEIGHT = .SO 

SWEPT AREA: 
BARE HAND: DIA = 1.40 
GLOVED HAND: 

MAJOR AXIS=  1.7s 
MINOR A X I S =  1.2) 

! 

TYPE1 HEXAGONAL KNOB 
DIAMETER = .250 
YE IGHT = .375 

SWEPT ,',REA: ' 

BAF, '4AND: DIA-. 1.0 
GCP';'.) HAND: 

MAJOR A X I S =  1.65 
.AiNOR AXIS = 1 .O 

TYPE: SKIRTED KNOB 
DIAMETER = .SO0 

SWEPT AREA: BARE HAND: DIA = 3.37 
GLOVED HAND: DIA = 3.50 BARE HAND: DIA= 1.6 

GLUVED HAND:. DIA = 2.0 
I 

Cr i t e r i a  for Minimum Control Spacing 
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PREFERRED POOR 

c g  
Method - Operati 

A .  L 1 I D Resistance (oz)** 
(Displace.- (Lever Arm (Control Tip Small Large 
ment, deg)* Length, in.) Diameter, in.) SGitch Switch 

Minimum 30 

Maximum 120 

0.5 0.125 8 10 

40 2.0 1.000 16 

Note: Toggle switcher ehoula . e an c k r t i c  reeistasce, i.e., resistance 
should increatia elawly until contact i e  made, then drop to 
zero as the switch map8 into pooition. 
iaertia ars recommended. It rhould x i &  be posoible for the switch 
to  s t o ~  between positic:rs. Snap actioa ohould be provided with an 
audible click to indicate actuation. 

Maaimurn friction and 

One Finger ----I---- 0.75 
Ainircum 

-- 
3ptimum , 2.00 - - 

1- 86 

One Finger, Many Ficgers, 
sequential simultaneously 

0.50 0.62 

1.00 I 0.75 



- CONTROLS 

A Barriers* 

*Barriers w i l l  have rounded edges. 

Legend Switches 
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CONTRQLS 

, One Finger 

D d 
(dia, in.) * (displacement, in.) Resistance ( 0 2 )  

@e rating Thumb or Thumb or 
Method Fingertip Heel of Hand Other Finger Fingertip Little Fingei 

Minimum 0.50 0.75 0.25 I -  10.0 s. o 

One Finger, sequentially Several Fingers 

~~ 

Lximvml No data. I No data 1.50 
available available 

Minimum) 0.50 1 0.25 I 0.50 

optimum I 0.75 I 0.75 I 0.75 

Note: The optimum push-button diameter in the case of multiple push-buttons 
is 0.5 in., the same as the hinimum diametir. Push-buttons to be 
operated randomly or positioned blindly should be spaced 5.0 in. apart 
on the center of the panel, and 12.0 in, apart on the periphery. There 
should be elastic resisance with slidi% friction. Push-button controlr 
should have a slight initial reeietanc.-,bcreasing slowly to a sudden 
drop (accompanied by a definite "feel" and audible click) as the circuil 

- 

' i o  acd+ate& 
__ ~~ 

Recommended Dimendone €or Hand Pueh-Buttons 
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CONTROLS 

approached, eo that control will snap into position and cannot easily atop 
between adjacent positions. 

NOb: Military Standard MS 25166-KnobD Pointer, fllumiaated meets, to 
cerkin.degree, the above requirements. 

lwt 

Rexmmended .Dimensions for Rotary Selector Knobs 
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CONTROLS 
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CONTROLS 

- .  . 
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cr 
r) a 
a cn 
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d 
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CONTROLS 

Minimum 

Maximum 

L 
D Trough G! D I s  

Diameter Distance Width Depth Separation Resistance 
( i d  (in) (in) (inj ( i d  (in-lb) 
1.5 * 0.45 0.1 1/8 0.4 1 

2.5 - - 1/2 - 3 

FIG. Descrete Thumbwheel Control 

Ganged Knobs, Concentric Shaft 
1-92 



CON'I'ROLS 

Operating 
Method 

Resistance (lb)** h- operation operation 
(Wheel dia, (Displacement, One-hand Two-hand 

I 

DW Dr A 

, in. ) (Rim dia, in.) deg) 

Minimum I 7.0 I Oi75 INodataavailableI 5 I 5 

I 2.0 21 (both hands I on wheel rim) .Maximum 
~ ~ -- 

*For operation with hands opposite eGch other on wheel rim, optirnqn 

@&%ere should be minimum inertia when handwheels are operated through 
diameter i s  21 inches (same as maximum). 

srnall arcs. Displacement will be determined by the desired control- 
display ratio. 

ETWwheel Selection Requirements 
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CONTROLS 
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CONTROLS 
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CONTROLS 

d 
0 
k 
L) 

0 

4J 
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CONTROLS 

TYPICAL PUSHBUTTON SWITCH COMPONENT 
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PANU CUTOUT (DIMENS!ONS ;N 'NCHES 2.010) 

SWIS CH-LITE 
UNJT 

1-98 



I 1 FQNEL CUTOUT . (DIMENSIONS IN INCHES 2 .010) 

b(0. UNITS 

4 

1.181 5 5.241 I 9 9.300 
2.195 0 6.256 10 10.315 
3.2 12 7 7.27 1 11 11 -329 
4.226 1 8 8.285 12 A2.344 i i 
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CONTROLS 

TYPICAL TW-POSITION TOGGLE SWITCH 
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CON‘I’ROLS 

PANEL CUTOUT 

TYPICAL THREE-POSITION TOGGLE SWITCH 
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t P L * I N - - - - - - - +  $zsG--T 

I SERIES 
DIM. 

Med Large 
A 4 9 0  .a94 

Typical Panel Knob for  Use With Shape 
Caded C-D Applications 

B 1.038 

C .946 

D b  A86 

1- 102 

1 
1.344 

1.221 

A45 

A .708 ,911 1.2SS 1 .820-[ 1.166 

.190 I .I28 



CONTROLS 

a E 
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CONTROLS 

Dimension I Iaches 
~~ 

.570 

1.515 

.526 

.162 

.765 

.654 

.a25 

.229 

.595 

1.525 

.123 

.721 

.44 5 

.590 

1.660 

.400 

A 
B 
D 
E 
F 
G 

H 
K 
L 
M 
N 
P 
R 
S 
T 
W 

Typical Pointer Type 
Control Kgobs 

Dimension 

A 
B 
D 
E 
F 
0 
H 
K 
L 
M 
N 
P 
R 
8 
T 

.885 

1.828 

,526 

,162 

-885 

.65Q 
-825 

2 2 9  

3 9 5  

1.520 

-123 

.721 

0445 

,590 
1.633 



CONTROLS 

'1 2.516 MAX 

I-' 2-3u -7 
I I  

- W A X  r i  
..e69 I ! I !  1 r 

.7s UM 

.mMW 

I 
I 

Typical Large Control Knob (Pointer  Type) 

b - 2 2  W C U  WT SCREWS 

Typical Crank-Type Control (Coded Handle Applications)  
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CON TRO L S 

Typical Rocker Switch (Circuit Breaker) 
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CONTROLS 

Example Electric Joystick Controllers 

Example P-olling Bsll Controller 
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CONTROLS 

TYPICAL AIRCRAFT-TYPE JOYSTICK HANDGRIP 
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CONTROLS 

r: 
d 

n 
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CONTROLS 

II 
.I 

I 
7.180 

I 16-1/2 

RACK 
MOUNTING 

PORTABLE 

DESK 
MOUNTING 

TYPICAL ELECTRONIC KEXBOARD MODULAR SUBASSEMBLY 
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AUDITORY DISPLAY 

N N  
x x  
0 0  
0 0  
m o  
C U N  

I ? ,  
O d  m a )  
N U L 9  



AUDITORY DISPLAY 
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Letter-Numeral Design C r i t e r i a  f o r  Label ing 

1 STROKE 

c HEIGHT 

STYLE (Do Not Use S t e n c i l s )  

Let ters  and numerals s h a l l  be ;imple b lock  type  

a .  Typica l  Fonts  f o r  b. for p r i n t i n g  
Engraving 

Gorton Extended A i r p o r t  Semi - bo 1 d 
Gorton Normal Vogue Medium 
Gorton Condensed Futura  Demi-bold 

Lin ing  Goth ic  %66 

HEIGHT/WIDTH R A T I O  

3:5 t o  1:l (1:l used f e r  mechanical c o u n t e r s  on ly )  

STROKE WIDTH 

Dark f i g u r e  on l i g h t  background = 1/6 of l e t t e r  h e i g h t  
L g h t  f i g u r e  on d a r k  background = 1/8 of l e t t e r  h e i g h t  

'XHT/DARK CONTRAST 

C o n t r a s t  between f i g u r e  and background s h a l l  be 1 2  o r  
g r e a t e r .  C = B2 - B1 where E32 i s  b r i g h t n e s s  of l i g h t  

B1 
c o l o r ,  and B1 i s  b r i g h t n e s s  of d a r k e r  c o l o r .  

1 - 1 1 3  



VISUAL DISPLAY 

LETTER HEIGHT VS VIEWING DISTANCE 
AND ILLUMINATION LEVEL 

(MINIMUM SPACE BETWEEN CHARACTERS, 1 STROKE WIDTHJ 
W E E N  WORDS, 6 STROKE WIDTHS) 

0.8 

02 

5 0.6 

E 0.5 

5 0.4 
3'3 
4 0.3 

P 
Y) 

CI, 

d e  

a w = 0.2 3 
0.1 

0 
0 20 40 60 00 100 120 I 4 0  160 110 too 220 240 

VIEWING DISTANCE (inch.,) 

For inrtrq~montr w h u o  tho position of tho numoml, may vary and tho illumination In  bo- 
0.03 d 1.0 ft-I. . - - b inrhurontr whom tho ponitiocl of tbo nurormfr i s  h o d  and tho ilfumiaotioa i s  0.3-1.0 
4t4, or w b m  ponith 04 tho nurnolr ng vory ond tho illuminetion orcoods 1.0 1t.I. 
---for hshuwnts wkn tho podha d tho r u n d r  is k o d  ond tho ifluriaotko In 
.k*. 1.0 h4. 
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VISUAL DISPLAY 

Optimum Letter S t y l e  for Instrument/Panel Use 
(Available in LeRoy Letter Guide) 
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VISUAL DISPLAY 

Optimum Numeral Style for Instrument/Panel Use 
(Available in LeRoy Letter Guide) 
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VISUAL DISPLAY 

Good 

1 2 3 4 5 

5 10 15 20 25 

10 20 30 40 50 

5C 109 150 200 250 

loo 200 300 400 500 

Optimum Scale Mark Dimensions f o r  28-inch Viewing 
D; stanccs 

Fair  Not Acceptable 
2 4 6 8 io 0 2 . 5  5 7 . 5  

20 40 60 80 100 4 8 12 16 

200 430 600 800 io00 o 15 30 45 

30 60 90 120 

o 60 1x, 180 

.025* 

.035 ,020' 
I 

1 

.aa 
-I I- .025 

-I I- o 
-1 0.07 1-MI# SEP 

EXCEPT AS INDlCATED BY ASTERISKS. 
NOTE: THESE OIMERSIONS APPLY TO ALL MARKINGS, BLACK ON WHITE OR WHITE ON BLACK, 

'BLACK ON WHlTE 

C r i t e r i a  f o r  Instrument Scale Breakdown Definition 



VISUAL DISPLAY 

SUBSYSlE 3 
OUTPUl V ~ L T A C E  

NORMAL NORMAL 

I 

TCST FUNCTION 

- -- 

T E S ~  CONTROL AND MONITOR \ I 

1 
Typical Panel Labeling Standards 

Lobel Designation Letter Size Location 

1. Panel title 18pt (0.187in.) Centered; '/r in. from top edge of 
panel 

2. Panel subseaion 14 pt (0.136 in.) Centered at top of subsection; 
3/r in. from top edge of panel 

3. Subtitle 12 pt (0.125 in.) '/r in. above cornpoirent(s) or 
% in. above kbels of individual 
components 
'/r in. above and below standard 
switch 

4. Toggle switch 

5. Single component 12 pt (0.125 in.) in. above component 
6. Rotary switch 10 pt (0.093 in.) '/r in. from apex of pointer, line 

10 pt (0.093 in.) 

pori tionr from pointer to label 
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VISUAL DISPLAY 

I 
\ 

MECWZCAL FLAG DISPLAY 

i- 

1 

AfRCRAFT7TYPE PLACARD ZNDICATOR 
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VISJAL DISPLAY 

T 
I 

6.0 

AIR DATA TAPE DI?PLAY 

A - 1.0 to 3.50 
B - 7.75 to 10.0 
C * 8.0 

I 7.2 
I 

SOLID STATE METER DISPLAY 
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VISUAL DISPLAY 

TYPICAL METER DISPLAY 

W -0  1.75 t o  5 .75  
D 0-  1.437 to 1,7 
F 0-  1.0 t o  1.5 

H 0 -  2.375 to 4.6 

W 0-  1.25 t o  4.6 

F -- 1.0 t o  1.5 
I) -9 la875 t o  2.0 

H -0 2,25 t o  6.5 
W -0 2.625 t o  8.00 
D .- -593 t o  1.23 

A -0 4,O 
B 0-  1.6 
r, -0  77 
D -0 2.2s 

t o  6,59 
t o  4.885 
t o  1.5 
t o  3.988 
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VISUAL DISPLAY 

ATTITUDE INDICATOR 
A - 1.9 t o  4.25 
B - 2.5 to 5.0 
C - 6.5 to 8.0 
D = 1.25 to 1.5 

EEADING/SITUATION INDICATOR 

STANDBY HEADING INDICATOR 
A - r o a n  
B - 2,375 
C - 7.0 

TYPSCAL FLIGHT INSTRUMENTS (Dimensions in inches) 
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VISUAL DISE'LAY ?:"OPE TYPES 

I TYPE, B I TYPE C TYPE A 

~~ 

TYPE G Length of; TYPE H Left dot TYPE I Radius -of cir 
wings in-! gives Rng cle propor- 

tional to 
& propor- Range. Bright 

-__- -- ~ tional to rough est part of 
circle indi- 

s cates direc- 
range Elev. 

tion axis of cone to 
target 

. .  

Like Type A 

cular & sig, 

but time 
base is cir. 

nals appear 
as pips 

: ' I  TYPE: J 

0 

-P . .--Same as K but ' 

/?Ah's.; signals are ; 
back to back t 

8 RANG€ 

i . .  
. I  

TYPE N combination of 

! 

TYPE K TYPE L When pips 

! 

I 

I 

TYPE P ( P P I )  

Range meas- 
.. ured radial 

-- ' from center -__I 



VISUAL DISPLAY 

(Ivurko carespard to lrlp .Jtllnals) 4 - k a p  units C:SO au*rf@o/e 

LAMP LOCATION AND LAMP TERMINAL IDENTIFICATION 

Engraving Configuraffions I 

SWITCH T E R ~ N A L  IDENTIFICATION 

Lamp and Switch Terminal identification - i 
TOP 

FRONT VIEW 1 2 3 v- HOLOINO COIL REAR VIEW 

- Outline Dimensions and Pan@l Cutout 

NOTES: 
1. The -It w i l l  mount b p . # l m  3/32" to 3/16" thlck. For -ita to fit other pone1 thicknesses. contbct the 

2. When r o w t h  unit on 4. tk ak k  m u k d  "top" I s  on th .  lepos rlewed from the front of the p~ml. 
fDCtWt. 

PANEL CUT-OUT DIMENSlWS IN INCHES (LOtO) 

'?U & 

BACKLIGHTED SWITCH-INDICATOR 



V l S U A L  DISPLAY 

A - 0375 
B - 1.0 
c - 4.5 
D - 2:) 

PROJECTION-TYPE DIGITAL READOUT - 
A - .375 
B - 1.0 
c - 4.5 
D - 2.0 



VISUAL DISPLAY 

L l '  

TYPICAL ELECTRONIC DIGITAL READOUTS 

1-126 
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VISUAL DISPLAY 

TYP1C.C PILOT LIGHT ASSEMBLIES 

1 - 1 2 7  



Dimming 

VISUAL DISPLAY 

NonOiing 

Q 

0 '*# TO " 

m? 

P R E S S  TO TEST INDICATOR L I G H T S  



VISUAL DISPLAY 

Opera t o r  Response 

Operator should adopt 

COLOR CODES FOR INDICATOR LIGHTS & ANNUNCIATORS 

I 
Meaning 

Danger 

Color 

emergency action 
Immediate action re- 
quired 

Identification 
RED 

Ma s t e r summa t ion 
Ma 1 function, 
action, stopped, 
failure, stop 
action 

Identification 
AMBER 

Awareness of functional 
conditions, no action 

Identification 
GREEN 

ready, normal 

Function, physi- 
cal position, 

Identification 
?,WAR WHITE 

I Killer warning some abnormal procedure 
or initiate remedial 

Operator should monitor I Extreme Caution 
Technical hold, 
temporary inter- 
ruption 

i n  preparation to adopt 
abnormal procedure or 
remedial action 

@perator should continue I Master summation 
Go ahead, in tol- I erance, acceptable, normal monitoring and/or 

operating procedures 

CODES FOR IDENTIFICATION 

In-tolerance 
Sofe 

Normal 

OF DISPLAY OPERATING RANGE 
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VISUAL DISPLAY 

MIXTURE DIAGRAM ACCORDING TO THC 
1931 I.C.X. STANDARD ObSERVER 

AND COORDINATE SYSTEM 
SMOWINO U.S AVIATION 

C . I . E .  Diagram Shewing Aviation Color Limits 

1-130 



p Color 

amber 

Orange 

Orange- 
ye 110 w I 
Yellow I 
Green 
(0  live 
drab) 

I--------- 

L 

VISUAL DISPLAY 

General Standards for Color Coding 

Safety Code* 

Fire  protection equipment . 
Fir e exit signs 
Danger 
stop 

Dangerous parts of equipment 
High voltage areas 

Caution: physical hazards 
(also yellow and black stripes) 

~~ 

Safety and first aid equipment 

Caution: do not rtart or  
equipment under repair 

Radiation hazards 
- ~ 

Traffic markings within 
enclosed areas (also black- 
white combination6) 

Ground Equipment Colore** 

Safety and protective equipment 
(wi th red streamers where attached 
to spacecraft) 
Crash fire and rescue vehicles 
F i re  protection equipment 
Danger and stop signs 

High voltage a reas  

Vehicles used on launching complex 
Caution signals (with black stripes) 

Flight line equipment 
Physic a1 hazards 

Safety and first aid equipment 
First aid boxes (green cross  OA white: 
Astronaut breathing oxygen cylinder 
(with white band) 
Interiors of closed ground vehicles 
Gas masks 
Safe signal 

- 

Covered electrical outlets 
Fuse box exterior s 
Exteriors of ground vehicles 

Top surface of vehicles used on snow 
o r  sand 

+American Standards Asrociation (253. 1 - 1953) and National Safety Council. 
**HIGED A. 2.7; See reference for color codes for fluid lirkr, fusee chassio 

wiring, comprasred gas cylinderr, capacitor#, rerirtoro,  and electrical 
I cables. 
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VISUAL UISPLAY 

Electrical Conductor Color Coding 

h s t r u c  tions 

1. 

2. 

3. 

Enter the t le at the 
particular number of 
conductors desired to 
be color coded. 

The colors appearing 
to the right of the 
entry a re  the appro- 
priate combination 
for the particular 
number of conductots 

For example. i f  a 
cable consists of 12 
cofiductors, the 12th 
color combination , 

would be black and 
white. The eighth 
c 01 or combination 
could be red and 
b k  c k.. 

Cable Coding Standards 

Number of 
Conductors 

Desired 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 . 
1s 
16 
17 
18 
19 
20 
21 

Basic Color 

Black 
White 
Red 
Green 
Orange 
Blue 

. .White 
Red 
Green 
Orange 
Blue 
Black 
Red 
Green 
Blue 
Black 

. White 
Grangb 
Blue 
Red 
Orange 

Tracer 

None 
None 
None 
None 
None 
None 
Black 
Black 
Black 
Black 
Black 
White 
White 
White 
White 
Red 
Red 
Red 
Red 
Green 
Green 

Noge: 1. k a cable has concentrically laid conductors, the first 
combination or  color applies to the center conductor. 
Ita cable contains various sizes of conductors, the 
first color applies to the largest and the sequence 
continuer in order of conductor size. 
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HI draulic Conductor Color and Pattern Coding 

HydrAulic Coding Staiidarde 

.I-- Function Color 

Intensified ' Black 
pres sure. 

'1 Charging 
1 presstee 

I Reduced 
1 pressure 
1 

' Mztered 
flow 

; Exhaust 

4 
? 

Intake 

Drain 

Inactive 

Red 

Intermit - 
tent rod 

Same 

Y ollow 

Blue 

Green 

Same 

Blank 

- 
Zip-A-Tone 

Pattern and No. - 

Same 

Same 

Blank 

Definition of Function 

Pressure in excess of supply 
prassure induced by a booster 
o r  intensifier . 
Presslire of the power actu- 
oting fluid. 

Pump-i .ia t pxe ssure, higher 
than atrr-5 cs-reric pressure. 

Auxiliary p; ssurt' lower than 
supply pr  e s sur,? 

Fluid a t  a controlled flow rate 
(other than pump delivery). 

Return of the power actuating 
fluid to reservoir. 

Sub-atmospheric pressure, 
usually on the intake side of 
the pump. 

Return of leakage of control 
actuating fluid to reservoir. 

Fluid within the circuit but not 
serving a functional purpose 
during the phase being 
represented. 

% Note: 
& 
!: , 

See also Rocketdyne Design Manual 2- 1701, Specifications FA6-4 
and 10375, and NA Standards 5Tl  - ST17. 

Source: J. I. C. Hydraulic standard6 for industrial'eguipment, 
5.' JIC-H1. 4 Fluid Color and Pattern Code (Rev. Janllary 1953; 

October 1957 cd. > ?' 

. -  t ' --." 

1 - 1 3 3  



VISUAL DISPLAY 

- 
Function 

Intensified 
pressure 

Color 

Black 

Red 

btermit-  
tent red 

same 

Y eUow 

Blue 

GreeL 

Blank 

Zip-A- Tone 
Pattern and No. 

Same 

Blank 

Definition of Function 

3ressure  in excess of supply 
pressure induced by an inten- 
sifier or booster. 

Pressure of the power actu- 
ating air. 

Compre s sor -inlet pres sure, 
higher than atmospheric 
pres sure. 

Auxiliary pressure lower than 
supply pressure. 

Controlled flow rate. 

Return of the power actuating 
medium to 'the atrzasphere. 

Sub -atmo spheric pressure, 
usually on the intake side of 
the compressor. 

Air pressure within the circuit 
but not serving a functional 
purpose during the phase 
being represented . 

Note: 

Source: J.I.C. Pneumatic Sta- -. -d. for industrial equipment, JIC-Al.4 

See Also NAStandards 5T1 - 5T11. I Color urd Pattern Cc . ev. January 1955; March 1957 ed. ) 
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VISUAL DISPLAY 

m 
3 
c1 
cd 
& 
Id a 
04 
cd 
1J 
E 
Id 

E .  
c1 

; 
k 
1 
.r( 

$ 
E 
0 

0 
O 

0 
k 
04 
Q) 
& 

.r( 
&D 

c1 

G 

& 
a8 
M 
E 

8 
a 
0 
;; 
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VISUAL DISPLAY 

c 
0 

1 
4 
Y 

s 

I 
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VISUAL !ITSPLAY 

0 
0 
3 
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VISUAL DISPLAY 

t I 

I 
? t  

i C 

t 7- 

T- Cylinder 

DInrnrfonr of Color 6d.d Area (in) 

30.0 ad udrr 1-1 
Gar Cylinder Color Coding Requirements 
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VISUAL DISPLAY 

Gas Cylinder Color Codes 

Area To Be Coded 

' A  
(TOP) I C  B 

,First band) (Second band) 
Remainder 
of cylinder Type of Gas  

-~ 

Fuel: 

Petroleum, liquefied 
Pet role urn, non -1iquef ie d 
Hydrogen 
Manufactured gas 
Acetylene 

~ 

Yellow 
Yellow 
Yellow 
Brown 
Yellow 

Orange 
White 
Black 
Yellow 
Yellow 

Yellow 
Yellow 
Yellow 
Yellow 
Yellow 

Yellow 
Yellow 
Yellow 
Yellow 
Yellow 

Orange 
Orang e 
Orange 

Re fr ig e rant : 

Ammonia 
Freon 
Methyl chloride 

Brown 
Orange 
Yellow 

Yellow 
Orange 
Brown 

Orange 
Orange 
Orange 

Oxidizing gas: 

Oxygen 
Oxygen, aviator's 
Air, oil-pumped 
Air, water -pumped 
Helium, oxygen 
Oxygen, carbon dioxide 

Green 
Green 
Black 
Black 
White 
Gray - 
Gray 
Gray 
Gray 
Gray 
Gray 

. Green 
White 
Green 
Green 
Green 
Green 

Green 
Green 
Green 
Black 
Black 
Black 

Green 
Green 
Black 
Black 
Black 
Black 

Inert gas: 

Carbon dioxide 
Helium, oil-pumped 
HeLium, oil-free 
Nitrogen, oil -pumped 
Nitrogen, water -pumped 

Gray 
Orange 
Orange 
Black 
Black 

Gray 
Gray 
Orange 
Gray 
Black 

Gray 
Gray 
Gray 
Gray 
Gray 

Fire  extinguisher: 

Carbon dioxide 
MethyL bromide 

Red 
Red 

Red 
Red Brown I Red 

Red 
Red 

Source: Handbook of instructions for  ground equipment designers, 
W M  80-5. 
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VISUAL DISPLAY 

Color 

Orange Yellow 

Rrown 

Light blue 

Green 

Aircraft gray 

Insignia red 

Jet 

bsignia white 

Orange 

Middlestone 

Gas Cylinder Color Code Meanings 

- 
Fed. Std. 595 

13538 

10080 

15102 

141 10 

16473 

11 136' 

17038 

17875 

12246 

30266 

Meaning 
~ ~~ ~- 

Flammable mat e rials ; mat e rials 
commonly, known to be flammable 

Toxic and poisonous materials; 
extremely hazardous to personnel 

Anesthetics and harmful materials 
- 

Oxidizing mate rials; materials 
which readily furnish oxygen for 
combustion 

Physically dangerous because of 
state of temperature, pressure, etc 

Fire extinguishing materials 

. No significant meaning 

For general use where specified 

No significant meaning 

For use on selected groups for 
segregation purposes 
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VISUAL DISPLAY _- -I-.--- 

COLOR STANDARDS (Reference FED-STD-595) 

Notes 

Instrument Panel: 

Instrument f ace :  

Label  l e t t e r i n g  and 
instrument  o r  panel 
markings : 

Non-cdldr coded con- 
t r o l  knobs, handles,  
etcr 

Color coded controls :  

Ind loa to r  Lights: 

Meter/Instrument 
Banding : 

Avoid white,  yellow, red; 
o t h e r  co lo r s  may be  used 
t o  obta in  i n t e r i o r  c o l o r  
comdina t ion  as long as 
r e f l e c t a n c e  is 25% or lower. 

# 37038 - Black 

Avoid white, yellow, rec?; 
o t h e r  c o l o r s  may ke  used 
t o  ob ta in  i n t e r i o r  c o l o r  
coord ina t ion  as long as 
r e f l e c t a n c e  is  50s o r  lower. 

# 11105 - RED 

# 13538 - Yellow 

# 14187 - Green 

# 15123 - Blue  

Aviation RED 

Aviation Y e l l a w  

Aviation Blue 

Aviation Green 

# 11105 RED 

# 13538 Yellow 

# 14187 Green 

shall  be used on any  s u r f  
( d r i v e r ' s ;  V i e w  whether they 

a. Non-glossy f i n i s h e s  
normally exposed t o  
are metal, p l a s t i c  o r  pa in ted .  

RED should be reserved f o r  WARNING o r  emergency 
elements, or condi t ions .  

AMBER or yeiiow should be reserved f o r  CAUTION 
elements, o r  condltiond. 

GREEN should 5e reserved for READY/SAFE condi t ions .  

b. 

~ 

COLOR/FINISH RECOMMENDATIONS FOR CONSOLES 
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VISUAL DISPLAY 

CHARACTERISTICS OF CATHOCE RAY TUBE PFIOSPUORS 

Phosphor 

P1 
P2 
?3 
pr, 
P5 
~6 
P7 
?8 
P9 
P10 
P11 
Pl2 
P13 
P14 

P15 

PI7  
P18 
P19 
P20 
P21 
P22 
F23 
P24 
P25 
P26 
P27 
P28 
P29 

p i 6  

I 

Phosphorescence Persis tence IC1 Coodlna tes  

Yellow-green Medium 0.218 3 s  0. 12 
Yellow-green K e d i u m  0.279 0.534 
Yellau-orange Kedium 0,523 0.469 
White M e d  . short 0.270 0.300 
Blue !%d.8hort 0.169 0.132 

Yellow-green Long 0.357 M 3 7  
:%kite Short  0.338 0.374 

Replaced b7 P7 
Withdrawn 
Dark trace screen Very long 
Blue Med.short 0,139 0.148 
Orange Long 0.605 0.3w 
Rsddish-crange Xedium 0.670 0,329 
Yellow-orange Xed,short 0.150 0,093 

zkdiw 0.504 0.443 
Green Short-V,short 0.246 0.439 
Bluish-purple Very short 0.175 0.903 
Yell.aw Long 0.302 0.390 
' a t e  M e d  t o  m.sh0-0.333 0.347 
Orange Long 0.572 0.422 
Yellow-green ?fed. to %.long 0.426 0.546 
aeddish-orange Xedim 0.539 0.373 
Tricolor :  e s s e n t i a l l y  P1 + Pr, + 2 7  
Low tempowhite Ked.short 0.375 0.390 
Green Short  0.245 0.441 

Orange Very long 0.582 0.416 
Reddish-orange l?edltun 0.674 0,,?26 

Alternate stripes of P2 and P25 

Orange Pedium 0.557 0.430 

Yellat-green Long 0,370 0.340 

Persistence: Time t o  decay t o  105 of initipl brlghtne88 
Word Description Time 
very long 
I org 100 maw. - 1 see. 
M e d i u m  1 EBec. - 100 meC. 
M d l m  short 1 O p m c .  - 1 msec, , 

Short l p s e c .  - 10fisec. 
v u y  rhort Less tban lfisec. 

1 see. or over 
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I L LUM I NAT I ON 

I 

ROUGH SEEING TASKS 

I FOOT-CANDLES 1 A T  WORK POINT 

INACTIVE STORAGE, HALLWAYS, LARGE OBJECTS 

ACTIVE ZTORAGE, SERVJCE AREAS, STAIRWAYS 
CASUAL SEEING TASKS 

. IT05 
1 

5 TO 10 

I VISUAL TASKS COMPARABLE TO READING 10 OR ii POINT I PRINT ON GOOD OUALITY PAPER (I.€.. GOOD LEGIBILITY) 1 10 TO 15 

~ 1 5TO20  1 I - ~~ I VISUAL TASKS COMPARABLE TO READJNG NEWSPRINT 
-- 

ORDINARY SEEING TASKS INVOLVING 
DETAIL WITH NORMAL CONTRASTS 

READING,HANDWRITlNC, ORDJNARY BENCH AND I ASSEMBLY WORK 

I VISUAL TASKS REQUIRING VERY FINE DISCRIMINATION, I SMALL DETAIL, FINE FINISHING, FINE ASSEMBLY I 30 T050' 

DIFFICULT VISUAL TASKS WJTH POOR CONTROL AND 
PR EClSlON REqU IR EMENTS 

EXTRA FINE FINISHING OR ASSEMBLY UNDER LOW 
BRIGHTNESS CONTRAST CON DJTJONS 50 TO 100' 

GENERAL: Seeing Task vs Illumination Level 
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I LLUM I NAT IO."; 

20 
60 

100 
300 

50 

5 

30 
- 

- - I  

53 -. I 

- 
I _ *  - I  

34 

5 

Specific Illumination Levels 

Specific Illumination Level Requirements 

50 

200 

50 

- 
- 3 

-- 
I -- 

Work Area or Type of Task 

Aerospace Component Assembly 

Assembly, g;netal: 
1. course 
2. medium 
3. fine 
4. precise 

Bench work: 
1. rough 
2. medium 
3. fine 
4. extra fine 

I- 

r 
- 

Business m a d  h e  .operation 

Cor ridor s 

Dials 

Drafting 

Electrical equipment testing 

Emergency lighting 

Gages 
- 

Hallways 

XaepecCon tarko, general: 
1. rough 
2. medium 
3. fine 
4. extra fine 

20 

100 
300 

60  50 

200 
1 

2 As measured on the task object or 30 in. above floor. 
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I L I ''Y I N! T I ON 

I Pa ne 1 s : 
1. front 
2. rear 
3. inside. 

Passageways 

Precis ion work, extreme (such 

Reading : 

as diemaking) 

1. large print 

3.' handwritten reports,  in pencil 
2. newsprint 

4. em211 type 
5. prc.onged reading 

Recording 

Repair work: 
1. general  
2. instrumeat 

Light in g (foot - candl e s *) I 
Work Area  or  Type of Task Recommended 

50 
10 

5 

5 - 
-- 700 

10 
25 
20 
30 
50  

50 -- 
5Q 

M x h i n e  tool repair  I I  100 

Machine operation, automatic I 30 

Meters 30 

Missile; Ai rc ra f t  
1. repair and servicing 

3. assembly 30 
4. general inspection 5 0  

Office work, general 30 

2. storage a r e a s  10 

Ordinary seeing tasks  I 30 

1 A.8 measured on the taak object or 30 in. above floor. 

Minimum 

__$ 

~- 1 

I 30 

i 

c I 
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I L L U.\2 I N A T I ON 

, Scales 

I Screw fastening 

Specific Illumination Level Requirements (Cont. ) 

-~ ~ 

' Service areas, general 

Severe visual tasks, in general 
work situations 

Sheet metal work 

Stairways 

Work Area o r  Type of Task 

-~ 
Storage: 

1. inactive or dead 
2. general warehouse 
3. live, rough or bulk 
4. live, medium 
5. live, fine 

r 

~~ ~ ~ 

Switchboards 

Tanks 

Testing : 
1. rough -. fine 
3. extra fine 

Transcribing and tabulation 

Lighting (foot-candles *) - - 
Recommended 

30 

30 

10 

5 0  

20 

10 

5 
5 
5 

10 
20 

30 

20 

20 
30 

100 

50 

.- 

* A6 measu-ed on the task object or 30 in. above floor. 

Minimum 

40 

2 

Note: Some unusual inspection taekr  may require up to 1000 frlot-candles 
of light. 

As a guide in determidng illumiration requiremente, the use of a 
steel scale with U 6 4 - i ~ ~  diviaione requires 180 foot-candles of 
light for optimum visibility. 

I 
h e  explosion-proof lamps near fuels or  other explosion or fire 
hazards. 
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ILLUMINATION 

aJ 
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4 
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I I . f A 1 f M I N A T I O N  

ILLUMINATION STANDARDS FOR VEHICLE INTERIOR/INSTRUMENTATION 
- 

LIGHT1 NG 
CONDITION OF USE SYSTEM 

General in te r ior  White f lood ,  
i 1 lumina t i on i nd i rec t/de - 

f u s e d  

wp r ead ing  White f l o o d ,  
Wirec t /de-  
fused  

BRIGHTNESS 

MinimLrn - 1 5 f t L  

15 t o  50 f t L  

- 

Instruments  

' ADJJSTMENT 

1 Fixed 

- 
LabelsJ pane l  

Cont inuously 
' a d j u s t a b l e  

~~ 

White, back- 10 t o  100 f t L  
l ighted or 
t r a n s  i 1 lum . 

d i f f u s e d  o r  
back- l igh ted  

Warning/Advis ory 
i n d i c a t o r  lights AMBER OTHER 

Diffused  tack 
or i n t e g r a l  
light 

Con'inuousl y 
ad  j u s t a b l e  

~ 

Continuous 1 y 
ad  j u s  table 

Fixed 

Notes: a. L i g h t  sou rce  ( o r  r e f l e c t i o n  from) shal l  n o t  be v i s i b l e  
t o  the o p r a t o r  i n  his normal d r i v i n g  p o s i t i o n .  

b. I l lumina t ior .  s h a l l  be e q u a l l y  d i s t r i b u t e d  a c r o s s  i n s t r u -  
ment face o r  label; b r i g h t n e s s  var!ation should n o t  ex- 
ceed 3;l. 

c. T rans i l l umina ted  markings shall be s h a r p i y  d e f i n e d  and 

d. Instmunent c o v e r  glass shall be a n t i - g l a r e  coa ted .  

readable from any a n g l e  up t o  60" from ERP. 
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ILLUMINATION 

cum 
0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0  

C 4 m c r ) m d d d w  d d  d p6Nd 
0 0 0 0 0 0 0 0 0 0 0 0 d 0 d # 4 0 0 0  

uaua c u N  u a u a  u) 
v) d d  C I b  b 

o u a v ) o o o b o o o u a o o m o m o v ) ~  

0 
3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0  ua ua ua ua ua ua L" ua ua Io ua ua ua u) In In In ua ua 
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I L L U M I N A T I O N  

NATURAL ILLUMINATION SOURCE BRIGHTNESS 

Ft, Lamberts -- Natural Illumination Somete 

Sun, Apparent 

Moon 

Moonless Sky - Clear Night 
Moonlight - Clear 
Blue Sky 

Sky - Overcaet 
Cumdue sky 

sky - Light Clouds 
Sky - Dark Claude 
Average Clear Sky 
Sirius 
Snow - In Sunlight 
*Sunlight - Reflected from Cloud Cover 
*Sunlight - Reflected from Sky 

4.086 x lo8 
to 

4.67 x 108 
7.41 x lo2 
1.29 x 10-4 
4.70 
1.8lx lo2 
7.24 x loo2 

3 1.837 x 10 

2.325 x lo3 

2 

11.67 

94.26 

4.30 lo9 

9.290 10-1 (lo4) 
4.972 x 10 

9.29 x loo1 (loo6) 

REPRESENTATXVE REFLECTION VALUES FROM EARTH'S SURFACE 

surface 
ocean 
Dry Grass 
Deciduous Foreot 
Ground 
Rocke 
Lush Grass 
New Snow 

Sunlight Reflected ($) 

3to5 
3to6 
3 to 10 
10 to 20 

30 
15 to 25 
70 to 86 
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I L LUM I hAT I ON 

RECOMMENDED REFLECTASCES 

0 Number outdde parentboaw indicator the preferrtd value; nuuiberr in&k relwo- 
lcnt permiuiMo :olersocu Ditluw Don-glouy 6niaher are rocommeodd though- 
oot. 

Ovor-all averr e reUactnnce of 
acourtic materinlr may be .omowhat lower. "be upper wall. tone to two faat 
below the ceiling) may be painted with tbe marno paint ao io  ured on the coiling. 

S% 
lower. 

@Reeommolrded rctlactnncea are for 6oi.h only. 

@ In-ke %baIked" ralua ReUoctanco of clean board obould be at  

r 
EFFECC OF COLORED LiCllT ON c0IA)itFD OBJECTS - 

Rcd Ilcht Blue Llikl Crrrn Light Ydlor Light 

Vrrr light 

Otanse DIack. 

Urigbt R d  

i ellow - Vrry niuc ligbc Ver d,, light -I 
RRJJkh Black Blue D I r L  Cneni.h BlKL 

Dark Dl&h Ye1hi.h R d  
Red 

Objjcct 01.. 

wbiu 

ala& 

Rcd 

Dark Blvc Dark ReJdkh Brdliant B l u  DarL Crccai.b Light ntdJi.b 

Crnn Dlvc BrilLant C m n  Yrllor C m n  

Umwr Yrllor Orange 

I m a  R d  Dl*rL D m n  Dark Olirr Prorni.h 

niuc I'Wpk 

Y e k  Red Owage liglit R n k l l J  Light C m N A  Brilliant LCbg 

IS-. orlng. . 
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PHYSIOLOGICAL FACTORS 

Section 2 

PHYSIOLOGICAL FACTORS 

This section contains information which relates to 
maintaining the human operator within physiological toler- 
ance limits which assure safety and effective performance. 
Since materials were drawn from other sources there is an 
obvious overlap between this and other sections. 

The following specific references are suggested for 
additional reading: 

Benson, 0. 0. & Strughold, H. - Physics and Medicine 
of the Atmosphere and Space, John Wiley & Sons, N. Y., 
1960. 

Gauer, 0. H. & Suidema, G. D. - Gra,'tational Stress in 
Aerospace Medicine, Little-Brown & Co., Boston, 1961. 

Sell, S. B. & Berry, C. A. - Human Factors in Jet and 
Space Travel, The Ronald Press, Co., N. Y., 1961. 

Roth, E. M. (ed) - Compendium of Human Responses to the 
Aerospace Environment, NASA CR-l205(vols. I, I1 & 111) 

Webb, P. (ed) - Bioastronautics Data Book, NASA SP-3006, 
Scientific & Techiiical Information Div., NASA, Washington, 
D. C., 1964. 

AFSC DH 1-6 - System Safety, Air Force Systems Command/ 
NASA Design Handbook Series 1-0. Space & Missile Systems 
Command, Andrews AFB, Washington, D. C. 20331. 
NASA CR-1205(111) - Compendium of Human Responses to the 
Aerospace Environment, (Sections 10-16) edited by E. M. 
Roth, M.D. 
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ENVIRONMENTAL CONDITIONS 
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ENVIRONMENTAL CONDITIONS 
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E N V I R L .  ' I ' h  ; A L  C O N D I T I O N S  

-- 
0 10 20 30 40 so 

VAPOR PRESSURE - MY HG 

Tolerance-Comfort Limits, Temperature/Humidity 
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ENVIRONMENTAL CONDITIONS 

9'0 t 1 

= I -  

N V ~ P  : 
t ,pendent also on octhlty, clothing, 
humidity, occlimotlzotion, bodyweiGht, etc. 

A 

n 
P 
C 
3 
0 a 

20 40 60 80 too 129 
Mean orr trmpsru,. F) 

--EFFECT OF TEMPERATUX ON WATER, 
FOOD, AND OXYGEN REQU'XMENTS 



Mean and 
Range of TolerPi -e Time and 
Mi-llmum Sympk A Time fer 

-.,. RANGE OF TOLERANCE 
-MEAN TOLERANCE TIME 

!, ___MINIMUM SYMPTOM TIYE 

IO0 

80 

2 (0  
a 
IF s 

c 

I 4 0  

3 
y. 

c 

20 

1 9.0 160 180 200 220 240 
ENVIRONMENTAL TEMPERATURE - 'F L 

- 
Time-Temperature Relationship8 for Heat Stress Exp06um 

Y 4 i L  TEMPERAIURE 
AeR Tf'MERATURE ----- -- i o--. 

*2 . I  0 I 2 6 9 10 I2 I4 IS 16 I8 20 22 24 2b 28 30 32 34 3b 38 40 

TIYE - MINI'TES 
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E N V I  RONMENTA'd CONDIT IONS 

Heat Storage snd Tolerance 

OrERATIVE TEMPERATURE - 'C 
30 40 SO (0 70 80 90 100 110 

80 120 I60 200 240 20 25 30 40 SO 100 200 
REFERENCE OPERATIVE IEMPERATURE - 'F TIME - MINUTES 
(WITH VAPOR PRESSU1E OF 20 MY H61 

TdlS CHART SHOWS THE RATE OF STORAGE OF BODY HEAT FOR SEVERAL CONDITIONS 3F CLnTPlNS AND 

MEANS OF THE REFEAENCE OPERATIVE TEMPERATURE, DEFINED AS T i iE  TEMPERATUEE OF AIR AND 
WALLS WHICH, IN COMBINATION WITb A VAPOR PRESStiRE Or 29 MM HG, HAS €QU!VALElrrT EFFECTS TO 
SOME OTHER COMGINATION OF HUMIDITY AND TEMPERATURES. OPERATIVE TEMPERAX92 ;S TIE  &!f,lYl- 
ED MEAN OF AIR AND WALL TEMPERATURE, WHERE THE WEIGHTING COEFFICIENTS AR, THC J W E C T I V E  
HEAT TRANSFER COEiFICiENTS FOR CONVECTION AND RADIATION. 

ALTITUDE. w' ERE SEATED AND UNTRA!NED MEN 'dE CXPOSF': TO NONCOMPENf!.?LE HEAT. E V R Y  IS EY 
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ENVIRONMENTAL CONDITIONS 

RANGE AND LEVEL OF SENSlllVlTY 
TO HEAT EXCHANGE 

Sanrotion or E l h d  
Rate of Heat 

Tronrfu 
(&u/sac/sq in).' 

212 

I PO 

160 

140 

I20 

1oC 

91 f 4 

s4 

37 

32 

121 Ind-degree bwn on 
15-rac Contact 

2nd-degree burn on 
30-soc -tact 89 

69 

49 

29 

Ind-degreo burn on 
eontad 

538 X i0-S 

- 37 It--- 
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ENVIRONMENTAL C O N D I  1'IONS 

r- 
Tolerance Limits for Cold Water Immersion 
Based on Experience and Labratory Studies 

Chill Index 

40 

3s 

30 

ai E 25  

I 

2 20 

g IS 

W 
Q 
YI 

- 
L 

10 

5 

CALM 

2. VERY COLD; TRAVEL BECOMES 

3. BITTERLY COLD; TRAVEL B 
UNCOMFORTABLE E V E N  O N  

4. FREEZING OF HUMAN FLES 
ON DEGREE OF A C T I V I T Y  

50 40 30 20 IO 0 -10 -20 -30 -40 

TEMPERATURE - 'F 

0.17 0.33 0.5 0.75 1 2 5 10 20 40 

'F 'C TlYF - HOURS 
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ENVIRONMENTAL CONDITIONS 

4 0  -40 -20 0 20 40 bo 80'f 
ENVIRONMENTAL TEMPERATURE 

1 BASED ON AVERAGE MAN - AREA = 1.h2 

I Clothing Insulation Requirements for Cold 
Environments at Varlous Level8 of Activity 

-50 -40 -30 -20 -10 0 I O  20 30'C 

-HEAVY fLl6HT CLOTHIN6 

--EOVERALLS. JACKE?. WOOLEN UNDERWEAR 

-SlREET CLOTHIN6 OR IT COVERALLS 
AND COTTON UNO.. .a 
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ENVIRONMENTAL CONDITIONS 
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ENVIRONMENTAL CONUI'I ' I  O N S  
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0 DESlRABLE APrlalENT NOISE L E V E L .  

E< DAMAGE R l S X  L I M I T S  - EXPOSURE > l i l R .  

DAUAGE R I S K  LIMITS - EXPOSURE < I  HR. 

A 

0 

C 

a 

0 

' C  

5- 150- 3G6- 60C 
50 3 0 0  603 1201 

EREWE NCY BAND 

1200- 
2400 

:PSI  

A 

8 

C 

- 
2400- 
4800 

A 

0 

C - 

AECO t,! M EN DE D M A X  I M U M  S : 
A. PERSONNEL REOUIRED TO 8E CONflNUOUSLY PRESENT, VOICE COMUUNICAT ION IS 

hi iN 1 tl AL . ( T E LE T Y P E, COMPUTER , C Ol:!hfA N 0 T R AS 9 MI T f E R R 00:J S ) 
8. EOUIPMENT USEn SFGULARLY IN OPERATIONAL SlfUATIGNS. ( E.G.: TZLEMETRY, 

R k U R ,  T T B C  ROOMS) 
C. EOUlP!AENf USED IN EXECUTIYE OFF ICES AN3 COKTAOL, VifVI ING, CONFERESCE 

ROOMS. 

RECOMMENDED AND TOLERABLE LIMITS FOR OPERATIONAL NOISE LEVELS 
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ENVIRONMENTAL CONDTTIONS 

I 7 

Tolerance 
Criteria for Noise in 
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n 40 
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m 120 

' 100 
d 

W 

3 

UJ E 50 

2 
I 

20 75 150 300 600 1 2 0 0 2 4 0 0 4 8 0 0  
75 150 300 600 1200 2 4 0 0 4 8 0 0 9 6 0 0  

FREQUENCY B A N D  - HERTZ 

A. M A X I M U M  TOTAL NOISE LEVEL 
B. OESIRABLE TOTAL NOISE LEVEL FOR SLEEP A N D  REST 

'Extracted from Ref l(Cj. 

Term Damage Risk short i 
I Criteria (Wide Bank Noise) 

N 

I, 
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cy E 160 

150 
n 

8 1 4 0  
o i30 

(Y 
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z 120 
2 110 
0 100 

y1 80 

Y) 

f 90 
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4 

E >  CJSURE PROHIBITED ABOVE I50 DB 

RECOMMENDED 

0.1 1.G 1G.O 100 4bO 
r 
0 EXPOSURE T I M E  - M I N U T E S  U 

(8 Hr) Damage Risk 
Criteria 

AIR FORCE 

OCTAVE BANOS - H E R T Z  
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E N V I  KONMEN'I'AL CONI1 1'1'IONS 
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Volume X oxyqon 

I00 80 60 40 20 0 
Volume .A inert diiurnt pitrogan, helium, hydrogen, aroon] 

HUMAN TOLERANCES- ATMOSPHERIC COMPOSITION 

0 
il 
v) 

P 

AND PRESSURE 
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1.' '!V I I<Oi\lblli N'I'AL CON I ) I '1' I ON ,C: 

Oxygen-Pressure Effects 1 
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30,000 

35,OOb 

YI 

4 40,000 
J 45,000 

0 10 20 30 40 50 60 70 ao 90  !OO 

HYPOXIA VOLUME % OXYGEN IN ATMCSPHERE o2 TOXICII r 

THE PHY'IOLOGICAL RELATIONS BETWEEN THE PERCENTAGE OF OXYGEN IN THE ATMOSPHERE CF AN 

TlN,JOUS EXPOSURE FOR ONE WEEK OR MORE. ATMOSPHERIC AIR CONTAINS 21% OXYGEF' EY VOLUME. k T  
SEA LEVEI., THIS LEADS TO A BLOOD SATURATION OF Y5%. TO MAINTAIN THE SAME DLGREE OFOXYGEN 
IN THE BLOOG AT LOWER PRESSURE, THE PERCENTAGE OF OXYGEN !N THE ATMOSPHLRE MUST INCREASE 
AS SHOWN BY THE "SEA LEVEL EOUIVALENT" CURVE. THE UNIMPAIRED PERFORMANCE ZONE. BOUNDED 

AEROSPAL . VEHICLE AND THE TOTAL PRESSURE OF THAT ATMOSPHERE SHOHN hERE ARE BASED ,!N CON. 

BY THE HEAVY LINE, INDICATES THE RANGE OF VARIPTION THAT CAN BE TOLERATED WITHOUT PER- 
FORMANCE DECREMENT. 

THE MAXlhlUM OXYGEN lOLERANCE (DEFINITE PATHOLOGY) FGR LONG PERIODS IS CURRENTLY UNDER 
INVESTIGATIGN. THE ROLE llf NITROGEN Ah9 TRACE CONTAMINANTS ON THE SYNIPTOVS OF OXYGEN 
TOXICITY IN THE 90-100% OXYGEN RANGE IS SIIL!. OPEN TO QUESTION, AS SHOWN BY THE HATCHED AREA 

PROLONGEG EXPOSURE TO LOW OXYGEN LEVELS I-YING TO THE ILEFT O f  THE UNlllPAlREO PEHFURMANCE 
ZONE REQUIRES ACCLIMATIZATION. ACCLlMATlZATlON IS ACCOMPLISHED BY CONTINUOUS EXPOSURE TO 
SUCCESSIVELY LOWER PRESSURES !YITH NO INTERMEDIATE RETURN TO HIGHER PRESWES. ACCLi!,!?,- 
TIZATION TO 25,000 FT REQUIRED 4-5 WEEKS. AS SHOWN, PERFORMANCE IS STILL IMPAICED. 

THE MlNlMllM TOLERABLE T V 4 L  PRESSURE IS BASED UPON THE EFFECTIVE PARTIAL PRESSURE OF 
OXYGEN, DISREGAXIING AERC;EYEIOLISM, WHICH MAY OCCUR EELOW 300 MM HG TOTAL PRESSURE I lu  THE 
AdSENCE OF ADEQUATE DENITRCGENATION. THIS AEROEMBOLlSh '. 'MITATION IS SHOWN BY THE INTER- 
RUPTED HORIZONTAL LINE. 

2 -  1 7  



Barometric pressure Limits I 
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OXYGEN IN EXPIRED CAS - X 

2 

SHOWN HERE IS THE APPROXIKATE RANGE OF BAROMETRIC PRESSURES ABOVE AND BELOW ONE ATMOS- 
PHERE (MEAN SEA LEVEL PRESSURE, 14.7 PSlA OR 760 MII HG) THAT CAN BE TOLERATED BY A HUMAN 
BEING BREATYING GAS MIXTURES CONTAINING THE INDICATED PROPORTIONS OF OXYGEN. THE HEAVY 
LINE INDICATES THE GAS MIXTURE THAT WILL MAINTAIN A SEA-LEVEL EQUIVALENT OXYGEN PARTIAL 
PRESSURE IN THE LUNGS A T  VARIOUS BAROMETRIC PRESSURES. 

ALTHOUGH PHYSIOLOGICAL STUDIES OF PRESSUR E EFFECTS dAVE BEEN CONDUCTED FOR MANY DECADES,. 
MANY FACETS OF THE PROBLEM HAVE NOT GEEN ADEQUATELY EXPLORED. IT IS KNOWN THAT IF MAN IS 
SUPPLIED WITH AN APPROPRIATE GAS MIXTURE, HE CAN SURVIVE CONSIDERABLE PERIODS OF EXPOSURC 
TO A WIDE RANGE OF BAROYETRIC PRESSURES. MAN’S ULTIMATE TOLERANCE LIMITS FOR HIGH AND LOT 
MROMETRIC PRESSURES ARE NOT YET KNOWN. LIKEWISE I T  IS NOT KNOWN WHETHER THE NECEssARYGAk 
MIXTURES FOR SUCH WPOSCRFS ARE IN THEMSELVES TOXIC. THIS IS PARTICULARLY IMPORTANT MHQ 
MAN IS REQUIRED TO BREATH looI OXY!EN FOR CONSIDERABLE PERIODS. 
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Oxygen Costs - Nomograms 
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OXYGEN 
COUWWTIO 

EXTERNAL 
WORK AT 20% 
Ef FlClEIlCY 

h’ 
0.s I.. 1.s a.0 1.5 3.0 

Nomogram RQ = 0.82 a d  1 titer of oxygen n equivalent to 4.825 kul. 
This nomogram allows one to interrelate. by drawing strair,ht vertical lines. the vtlues for oxygen 
consumption (0). heat output (H), external work output (Wj, 3rd carbon dioxide production {C), 
at typical conversion rates. 
quoted value at any specific oxysn consumption. depending 0’1 ‘he RQ, which equals 0.7 for a 
pure fat diet and 1.00 for a pure carbohydrate diet. Values giv a in the third and fourth lines 
have to be modified if the effi$ncy changes. Typical r,ngez BI 5 to 25%. average 20%. 50 that 
the l is ted work output may increase by threequarters if %ha taJ. is one that can be perform& at 
high effiaency (e.%. bicycling). Cocmrrcly, the true value m y  m reduced by three-quarters i f  the 
function b inefficiently performed. as. high speed walking, 

uses the standard values: 

Note that H may be as much as 3% lower or 5% higher than thc 

2- 20 
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SPECIAL AcnwnEs 

Engincertnp l a s k c  lb 4 1 r u  

Yedrum assembly mrk 
Welding 
Sheet metal work 
Hashrnrng 
Punching 
Nachmc frttrng 
Heavy asqembly work--mncoatintmm 

Drrving vc!'biclcs and pilotinc aircraf t  

Dribing a c a r  in  &fit tranic 
Night f;ying--DC-3 
Pilotins DC-3 i n  lewl flight 
instrument landing--DC-4 
Piloting light o r r c r d t  in roryh air 
Taxi-ing- -DC-3 
Pilotrng bomber aircraft in combrt 
Driving car  in heavy traffic 
D r i n r p  t ruck  
Driving motorcycle 

Moving over rough terrain on foot 

Flat firm road 
Crarrs path 
Stubble field 
Deeply plowed field 
Steep 45. #lop. 
P l w c d  field 
Soft anow. wllh 44 Ib W d  

0.11 
0. I2 
0.13 
0.13 
0.14 
0.  I t  
0.10 

0.0s 
0.06 
0.47 
0.10 
0.11 
0.11 

0.11 
0.13 
0.14 

0.11 

1,s mph 0.11-0.19 
a.5 o.ia-o.ao ' 

a.s o . io -0 .a~  
1.0 o . I D - o . ~ ~  
1.8 0.10-0.81 
3.3 0.36 
a.b 0.10 
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ENVIRONMENTAL CONDI ' I ' IONS 

Load carrying 

Walking on level 
wi th  58 lb load, 
traincd men 

Walkang on level 
wrih 67 lb load, 
trained men 

Walking on level 
with 7 5  lb load, 
trained men 

Walking up 36% grade 
wrth 43 lb load, 
redentary men 

Swimming on sclrfacc 

Breas t  s t roke  

Crawl 

Butterfly 

Walking under w a t e r  

Walking in tank 

SPECIAL ACTIVITIES (continued) 

4.1 

4.1 

0.5 

1 mph 
2 
3 

1 
2 
3 

1 
2 
3 

minimal ra te  
Walking on muddy bottom minimal r a t e  
Walking in tank maximal r a t e  
Walking on muddy bottom maximal r a t e  

Movement in snow 

Skiing in loose snow 2.6 mph 
2.2 

Saowshocing- - bearpaw type 2.5 
Skiing on level 3.0 
Sled pulling--low drag,  medium snow 2.0 
Snowshoeing- - t r a i l  type 2.5 
Walking. 12-18"snow, breakable cru8t  2.5 
Skiing on loose sn-w 5.2 

Sled pulling--low drag,  ha;d snow 

Snowshoeing- - t ra i l  type 3.5 
Skiing on loose snow 8.1 

Measured work  at different altitudes 

lb  O,/hr 
0.07 
0.11 
0.1 8 
0.32 

0.09 
0.11 
0.20 
0.33 

0.10 
0.13 
0.20 
0.34 

0.26 
0.47 
0.62 

0.27 
1.13 
3.78 

0.35 
0.70 
1 .87 

0.47 
1.13 
2.92 

0.11 
0.21 
0.28 
0.33 

0.32 
0 34 
0.34 
0.35 
0.38 
0.40 
0.50 
0.52 
0.59 
0.80 

Bicycle e rgometer  430 kg-mlmin 720 mm Hg 0.20 
-620 0.19 I:;; 520 0.21 

Mountain 880-1037 kg-m/mh 610 mm Hg 0.36-0.43 
climbing 566- 786 425 0.30-0.37 

370 0.25-0.41 
I 
,303- 580 

Typical valuee for 

kca llmin 
1.9 
2.9 
4.6 
8 3  

2.3 
2.9 
5.1 
8.4 

2.5 
3.4 
5.2 
8.6 

6.7 
12.3 
16.0 

7 .O 
29.0 
97 .O 

9.0 
18.0 
48.0 

12.0 
29.0 
75.0 

2.9 
5.5 
7.2 
8.4 

8.1 
8.6 
8.7 
9.0 
9.7 

10.3 
12.7 
14.6 
1 4 . 8  
20.6 

5.1 
4.9 
5.4 

9.2- 11 .O 
7 7- 9.5 
6.4-10.5 

Btulhr  
45. 
690 

1100 
1980 

550 
190 

1210 
2000 

600 
810 

1240 
2100 

1590 
2910 
3800 

1650 
t900 

23 100 

21 50 
4200 

11400 

2500 
6500 

17850 

100 
1300 
1700 
2000 

1930 
2020 
2070 
2130 
2310 
2360 
30 10 
3800 
4200 
4900 

1250 
1170 
1290 

2200- 2 d o  
1840-2260 
1530- 2520 
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ENVIRONMENTAL CONDITIONS 

Mean kr.al/rn*/hr for - 
Activity 

Noload 25 lb 30 lb 40 Ib 

Trerdmi I I 131 144 - 150 
l ~ v c l  sand srirf.icc 212.2 242.6 248.5 269.6 
Level hard surface 145.2 155.7 161.4 166.2 
U p  send-dune slopes 282.9 333.2 1 320.2 346.1 

(2.0-2.5 mph) 
Down sand-dune 

slopes 186.2 205.0 216.0 231.5 

I I  1 I I I 1  

Activity 

- 
Level sand 
Up sand Junes 

(1 l - lZ% ~ r a d r )  

Caloric Consumption as a Function of 
Length of Stride and Cadcnce 

Mean kral/rn'/Z00 ,d for- - 
No lord 25 Ib 30 lb IO 11, 

9.13 I O M  1OK3 I 1 3 1  

13 30 15 74 17.00 I6 44 

Dashed lines represent speeds in rn/rnin; 
thin solid lines (contour lines). caloric 
consumption; heavy solid line, optimal 
combinations of cadence and length of 
stride for various speeds ' 

Load 

No loac ~ 

25 Ib 
30 Ib 
40 Ib 

Steps per minute 

Meat1 final rectal temp., 

. 
Level sand Level hard Level siind Level hard 

s 11 r face sur face sur face s u rfirre 

Meiin final pulse rate. 
'F beatslniin 

- 
1oo.H 100.0 126.9 101.4 
101.1 loo. 1 13'3.2 107.7 

* 101.3 100.2 146.3 113.3 
101.6 100.3 160.4 128.7 

Energy Cost and Strain of Walking with Loads on Sand Dunes (1G) 

a. Energy Cost of Walking and Carrying Pack Loads b. Comparative Energy Expenditure While 
Walking on Level Sand and Climbing 
Sand Dunes, Carrying Various Packboard 
Loads 

(Speed = 2.5 mph; figures are average of four 
trials on each of four subjects.) 

2 - 2 4  



ENVIRONMENTAL CONDITIONS 

Oxygen Toxicity I 

THE CURVE REPRESENTS THE APPROXIMATE TIME OF APPEARANCE OF TOXIC SIGNS AND SYMPTOMS. 

TRAL NERVOUS SYSTEM IS THE PRIMARY SITE OF DEFECT WITH SYMPTOMS SUCH AS NLUSEA,' DIZZINESS, 
CONVULSIONS, AND SYNCOPE. IN THE RANGE OF 400 TO 760 MM HG, RESPIRATORY AND NERVOUS SYSTEM 
SYMPTOMS PREDOMINATE. THESE ARE SUBSTERNAL DISTRESS (BRONCHITIS AND PROBABLY ATELECTASIS), 
PARESTHESIA, AND NAUSEA. IN THE RANGE OF 200-400 MM HG, REPORTED SYMPTOMS ARE RESPIRATORY 

IN THE URINE. WHETHER OR NCT THERE IS REALLY "TOXICITY" IN THE LOW LEVEL, LONG TIME EX- 
POSURE IS BEING DEBATED. STUDIES IN PROGRESS MAY CLARIFY THE EXACT CAUSE OF SYMPTOMS AND 
LABORATORY FINDINGS IN THIS LOWER RANGE. THE ROLE OF CONTAMINATING GASES (Ng) AND TRACE 
VAPOR CONTAMINANTS IN THE OXYGEN IS STILL UNKNOWN. 

THESE VARY WITH THE PARTIAL PRESSURES 3F 02 (PO?) WHICH CAUSE THEM. ABOVE 760 MM HG, THE CEN- 

AND POSSIBLY HEMAT9LOGICAL AND RENAL: SUBSTERNAL DISTRESS, PROTEIN, AND CYLINDRICAL CASTS 

. .  



EILVIRONMENTAL CONDITIONS 

n 
Ly 
c 
a z 
i 

2 

I 
YI 

c 

CD 9 v cy 0-  
c I* 2 

X - 3U3HdSOWlV 3NO i V  1 I V  M I  

2 -  26 



ENVIRONl4EI:TAL CONDIT IQNS 

C' E 

6 

3 

8 t 

0 d 9 2 E3 
0 0 

c: : .c 

0 0 
s 

2 -  2 7  



ENVIROWENTAL CONDITIONS 

SMIMWIA 
AN I L I N  E 
ETHYLALCGHOL 

K ER OSE N E 
METHYL ALCOHOL 
NITROGEN TE'ROXIDE 

ALD E HY D E S: 
ACETALDEHYDE 
ACROL E I N 
FORMA1 ' .1Y DE 
FURFURAL 

CARBON DIOX!DE 
CARBOFi MONOXIDE 
BhOMlN E 
FilTROGEN DIOXIDE 
SULFUR DIOXIDE 

' G ASOL I N E 

Commcjn Sources and Maximm Aliowable Concentrations 
of Some Toxic Ageots 

200 
0.5 
5 
5 

5,NO 
100 

1 
5 
5 

COhLiON SOUC7CE 

ALDEHYDES: 
(SEE ABOVE) 

CARBON DIOXIDE 
FRE3N 
METHYL BROMIDE 
SULFl iR DiOXlDE 

L 

~- 

FUELS AND *SOPELLANTS 

5,000 
i ,0000 

20 
5 

ENGINE EXHAIJSTS 
(INCLUDING ROCK E T  
E N GI N ES) 

HYDRAULIC FLUIDS 

- 
FIRE EXTINCU ISH ANTS 

OIL SPRAYS AND FUMES 

REFRIGERANTS 

ShiOK E 

TOXIC AGENT 

MAXIMUM 
ALLOWAELE 

CONC; N- 
TRATION 

(PPM) 

100 
5 

1, GOO 
250 
500 
230 

5 

BUTYLCELLOSOLVE 
DIACETONE 
ARYL PHOSPHATES 
DIOXANE ALCOHOL 

CARBON DIOXIDE 
CARBON TETRACHLORIDE 
CH! OROBROMETHANE 
METHYL BROMIDE 

50 
50 

100 
(1.36 

5,000 
25 

4UO 
10 

1 

- 
PHOS. 'NE 

(PLUS SAME AS FOR 
ENGINE EXHAUSTS) 
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ENVIRONMENTAL CONDITIONS 

GaS-Off 
Products of Cabin Materials 

TYPE OF MATERIAL 

urethane Fom 
Thermwlashc (Un:demtificd) 
Teflon br 
Nylon T'ing 3 r d  
The:;;. d t i q  Plastic 

C;3liyi Rmalate 
Therrosetling P l a l c  

Phenolic 
Fiuorinated Rubbcr 
Fe;t 
Primer Coating Gray Vinyl 
Electrical Ppcc T g e  
Teflm Tubng 
Or% 
Gray Enamel, Wnnkle 
Magnet Wire 
Cellulcse Acetate 
Plexlglass 
&:-%!ire CompMnd 
Screening :nk 
Fairpice Rubber-&mr 
Fairprece %,L%er-V,tm 
Thermoplastic Polyestcc Fila 
f iver Print Conductive baling 
b x y  Potting ad Sealing coloolnd 
Epoxy Amine Urethne Potting 

Pleuglass, acrylic 

Epoxy Amine A&ewve 
Tygon Tubing 
Lubricant (Unidentified) 
Tkrmsetting Oiallyl phthalate 
Aaeuve Conductive Epory 
Enanel Brown Epoxy 2-compound 

atmosphere 
EMIWI Brown Epov I-cMnpomd 

atmosphere 
&na-U-Rubbec 
nezt Excharger (Unidentrhcd) 
Tkermop1as:ic iUnidcntihed) 
Thermoplastic Poly-Fluoro-chloro 
ThermoplJStiC Polysty;mc 
fiberglass Shredded 
Rewc (Li i idenl ihd 
Rewn Polycrbarnrte 
Slime Capart 

Conpound 

% m g  hpound. Y : I m  rubber 

WWBER OF 
CAS-OFF 
PffiI)S'P,Tf 

SEPARATED 

3 
4 
5 
7 

4 

4 
7 
2 

I5 
10 
2 
1 

14 
5 
6 
2 
5 

i6 
7 
5 
2 
6 
9 

9 
11 
7 
5 

I4 
12 
7 
2 

13 

9 
13 
6 
1 
4 
8 

.J 
B 
1 
5 -- 

HICHEST 
CUNCENTRATION 

7.5 
32.0 
2 1.0 

100.0 

102.0 

46.0 
!OO.O 
45.0 

1650.6 
1620.0 
(0.0 
4.0 

63.0 
2S.C 
M.0 
9.0 

off suk 
2263.0 

41.0 
59.0 
1G.O 
620.0 
33.0 

"1.3 
37.0 

37W.O 
7.0 

Off scale 
130.0 

7040.0 
55.0 

4200.0 

3800.0 
23OE.5 
290.0 
43.0 
3.0 

110.0 
67.0 

600.0 
(\ff scak . .  

mn 

Chemical 
Contamaanis in Ssaled 
Atmospheres 

Acetaljehyko 
Acetone' 
Acetylene"' 
Acrolein'. 
h :n I a* 
Afsrx* ' 
Ben 7en2' 
u-Bdae' 
Butme-1' 
Cis-butme-1' 
llals-tuten*T 
n-Bu!vl 4cohol' 
CO2"' 
CO' 
Ch!ortne'* 
cyclohexane' 
?.2-dtaKuylbutne= 
1 . 4 4 0 x a t '  
Otoxene' 
EByl acetate' 
Ethyl alcohoi' 
Ethylene'** 
Ethylene ochl~ridc' 
Freon-1 1' 
FICM-IP.~ 

Freon-23' 
Freon- 114' 
Freon- 114.unrym' 
Frpn- 125' 
Hcrar thy lcyc ld r i~  loxne'  

Heran( 
Formaldehyde"* 

FI~c&?P 

~ 

* Mercury spacecralt 
** Nuclear wbmines  

-.* Bath 

n-Htciane' 
Hyorocafmns 
iGthe: thm wthne)**  
H yd roen ' 
tic;" 
HF" 
MeICUry'. 
Methane'' 
Methylalcohol"' 
Methylchloroform' 
W h y b e  chlortdt' 
Llelhylethylketone* 
3-mthylpmtne' 
MethyhqrOpylketW. 
M m w r n w i e -  
NO2" 
N O "  
03" 
Phosgen.?" 
Isopmtne' 
n-Pentee' 
Propane' 
n-Pr3pylalcotml' 
Propylene' 

Stibine" 
Toluene' 
TriarylphosphalZ* 
Trlchlorwthylm' 
Vlnylchlorlde. 
Vinylidene chiortdc. 
n- Xy Icne' 
o-xyiar 

502" 

Continuocs Tuierance Limits 

90day continous tolerance limils for submarine aimspheres on the fullowiq 
contanrnnts have ken propovd by he Advisory Centu m Toxicology 
Nalional Academy d kmces. 

,Acetylene Chlorina Mercury Ozone 
Arsine Freon 12 Methane R)tgene 

ARvMlnia Hydrogen Methyl alcohol Triarylphosphate 
Caban dioxide Hydrochlonc xi0 Uonoelhnolamire 
Cubon manouk Hydroflwic aad Nitrogcn dioxide 

1: 
I' 
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Criteria for Vibration Tolerance 

IO0 
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4 
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IO 
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4 
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1 

5 
4 
3 
2 

lo-' 

5 
4 
3 
2 

? t i -  

' ' $1 
THE FOUR 

SHADED ZONES REPRESENT: THRESHOLD FOR PERCEPTION; THE UNPLEASANT AREA OF VIBRATION; THE 
LIMITS OF VOLUNTARY EXPOSURE, UNPROTECTED, FOR 5 4  MINUTES; AND THE VOLUNTARY TOLERANCE 
LiMlTS FOR SUBJECTS WITH LAP BELT AND SHOULrER HARNESS FOR THREE MINUTES, ONE MINUTE, AND 

CHART IS PLOTTED THE LARGE MAGNITUDE. T H t  CONVENTIONAL WAY 3F MEASURING DURATIONS (1) AND 
AMPLITUDES (A) IS YOWN IN THE SMALL DIAGRAMS AT Tt iE BOTTOM. 

LESS THAN ONE MINUTE. ABOVE THIS, MINOR INJUflES OCCUR, DEPENDING ON TIME. AT THE TOP OF Thc 

I 
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ENVIRONMENTAL CONDITIONS 

Body Acceleration Comparative Table of Equivalents 

... 

mw ML 

Acceleration Limits of Human Tolerance 1 
(EXTERNAL FORCE DIRECTION) 

I R A T E  OF ONSET 1 

ZONE OF COLLAPSE OR FATAL INJURY 

I TIME AT ?LATEAU - A t SECONDS 
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Escape 
Provision 
Requlrements 

SPEED AND MISSION REQUIREMENTS BEFORE SE- 

0 200 400 600 800 



ENVIRONMENTAL CONDITIONS 

.. 
1 I 

2-  3 3  



ENVIRONMENTAL C O N D I T I O N S  

Elzctrical Shock Hazard to Adult Males* 1 

APPLIEO VOLTS - 80 HZ 

(See explanatory notes next  page) 
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ENVIRONMENTAL CONDITIONS 
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ENVIRONMENTAL CONDITIONS 

ULTRAVIOLET RADIATION 

The primary human detector of near ultraviolet radiation 
is the retina of the eye. There is no primary human 
detection of far ultraviolet radiation. 
Near (long-wavelen th) ultraviolet (300 to 400 milli- 

sequent dark adaptation after exposure either to ultra- 
violet radiation or visible light when they are matched 
for brightness. The lens of the eye fluoresces between 
300 and 400 millimicrons, reaching a maximum be- 
tween 360 and 370 millimicrons; the cornea of the eye 
fluoresces weakly between 3 1s and 360 millimicrons. 
Objects illuminated by ultraviolet light are difficult to 
focus on, the normal eye being 10 diopters myopic 
at 3 13 millimicrons. 
Ultraviolet radiation produces excitation; i.e., it raises 
electrons in atoms or molecules to higher energy levels. 
It may produce cataracts in the eye. It is greatl absorbed 
and rapidly attenuated in living tissue. Tie shorter 

s produce ionization which is more dam- 
aging wDvelen%? p ysiologically since it causes electrons to be 
ejected from atoms. Long-wavelen@ ultravioles radia- 
tion produces sun tan on the skin. Short-wavelength 
u l u p ~ ~ ~ l e t  radiation produces tissue damage since some 
ionization is produced. 

microns) causes no f ifference to man in the rate of sub- 

RADIO FREQUENCY (RF) RADIATION 
Microwave radiation injury has been qualitatively demon- 
strated in animals, but has not been observed clinically 
in electronics personnel. Animals eyes, and 
their teates, are espedall vulnerable to e ahoner 

nature; Le., temperatures induced in g e  affected regions 
were ddeat ly  higher to account for injury on a thermal 
basis. 
As risk criteria, the USAF wer 0.01 w.tts/cm~, bored 
upon the average power level. 

%yueUlnrly 
wavelengths. Experiments f injury ap eared thermal in 

INFRARED RADIATION 
The p r i m q  human detector of near infrared radiation 
is tbe retina of the qc; of all infrared radiation, wumth 
receptors in the skin over the entire surface of the body. 
"be range and level of s e d a v h 7  are the lower l e d  of 
rwrlreMuioa 
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ATOMIC RADIATION 

There is no primary human detector of atomic radiation. 
The Roentgen equivalent man (rem) is a unit of biologi- 
cal dosage of any nuclear radiation absorbed. 

Total lifetime dosage from background = 10 to 12 
roentgens, where roentgen = the exposure dose of 
gamma radiation or X-rays which will form 1.61 X 10'2 
ion pairs when absorbed in 1 gram of air, Le., will re- 
lease 87 er s qf energy per gram of air (-97 ergs per 
gram of so tg t tissue). 

Dose in rems=RBE x dose in rads, where 

RBE= relative biological effectiveness: ratio of absorbed 

rad = 

Y 

dose in rads of gamma radiation of a specified 
energy, to that of the given radiation having the 
same biological effect. 
the absorbed dose of any nuclear radiation which 
is accompanied by the liberation of 100 ergs per 
gram of absorbing material. 

Very little information is available on the long term 
effects of atomi.: radiation. The best information available 
was used by the National Academy of Sciences to m a k  
recommendation for the maximum permissible cumula- 
tive azorni.2 radiation dosage over a lifetime. (The effects 
of atomic radiation are cumulative.) 

ESTIMATED YEARLY DOSE FROM 
NATURAL BACKGROUND RADIATION 

Roentgenr/y r 
Sea Level so00 tt 

Potassium in body 0.020 0.: 23 
Thorium, uranium, and 

radium in granite 0.055 0.055 
Potassium in granito 0.035 0.025 
Cosmic rays 0.035 0.050 

0.145 0.1 60 

RELATIVE BIOLOGICAL EFFECTIVENESS OF 
DIFFERENT TYPES OF RADIATION 

Expected Short-Term Effects of Acute 
VlholecBody Radiation Doses 

Acute Dose 
(roentgens) 

0 to 50 

80 to 120 

130 to 110 

180 to 220 

270 to 330 

coo to 500 

550 to 750 

lo00 

5000 

Probable Short-Term Effect 

No obvious effect, except possible minor 
blood changes. 

Vomiting and nausea for about 1 day in 5 to 
10% of exposed personnel. Fatigue but no 
serious disability. 

Vomiting and nausea for about 1 day, fol- 
lowed by other symptoms of radiation sickness 
in about 25% of personnel. No deaths 
anticipa red. 

Vomiting and nausea for about 1 day, fol- 
lowed by other symptoms of radiation sickness 
in about 50% of personnel. No deaths 
anticipated. 

Vomiting and nausea in nearly all persowel 
on first day, followed by other symptoms of 
radiation sickness. About 20% deaths within 
2 to 6 weeks after exposure; survivors con- 
valescent for about 3 months. 

Vomiting and nausea in all personnel on first 
day, followed by other symptoms of radic- 
tion sickness. About 50% deaths within 1 
month; survivors convalescent for about 6 
monfhs. 

Vomiting and nwsea in all personnel within 
4 hr from exposure, followed by other symp- 
toms of radiation sickness. Up to 100% deoths; 
few survivors convalescent for about 6 mont;-,.. 

Vomiting and nausea in all personnel within 1 
to 2 hr. Probably no survivors from radiation 
sickness. 

Incapacitation almost immediately. All per= 
sonno1 will be fatalities within 1 week. 

Type of Radiction RBE 

Gamma rays 
Neutrons - 1J 
Alpha particles - 10 
Betq particles - 1  
X-rays - 1  

1 .O (by dofinition) 
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ENVIRONMENTAL CONDITIONS 

I I Space Radiation 

...................... 
.......................... 

NS OF PARTICLESMEETING A 
MANNED VEHICLE. ELECTRONS AND POSI- 
TRONS ARE STOPPED BY THE VEHICLE 
WALL, WHICH THEN EMITS THE BREHMS- 

, STRAHLUNG (GAMMA RAYS). PROTONS AND 
, , H E A W  IONS MAY HIT A TARGET IN THE 

’ .  ’ ’ WALL, OR WITHIN THE CABIN, OR THEY 
, MAY PAS? RIGHT THROUGH. WHEREVER A 

TARGET I S  HIT, THESE PARTICLES PRO- 
DUCE CHARACTERISTIC SHOWERS OF SEC 
ONDARY PARTICLES, AS SHOWN. 

NATURE AND LOCATION OF ELECTROMAGNETIC AND PARTICULATE IONIZING RADIATIONS IN SPACE 

~~ 

PHOTON 
X RAY 
GAMMA RAY 
ELECTRON 

PROTON 

NECTRON 

ALPHA PARTICLE 

HEAVY PRUlARY 
NUCLEI 

~~~~ 

IATURE OF RADIATION 
~ _ ~ .  -~ - 

ELECTROMAGNETIC 
ELECT ROM AGN €TIC 
ELECTROUAGN €TIC 

PARTICLE 

PARTICLE 

PARTICLE 

PARTICLE 

PARTICLE 

- 
CHARGE 

0 
0 
0 

- 

-e 

+U 

0 

+2 e 

2 + 3 e  - 

W E R E  FOUND 
~ ~ ~~ ~~ 

RA0lAT’”N BELTS, SOLAR RADIATION 
(PRODUCED BY NUCLEAR REACTIONS 
AND BY STOPPING ELECTRONS) AND 
EVERYWHERE IN SPACE. 

RADIATION BELT AND ELSEWHERE. 

PRIMARY COSMJC RAYS, RAOIATJON 
BELT, SOLAR FLARES. 

SECONDARY PARTICLES PRODUCED 
BY NUCLEAR INTERACTIONS INVOLV- 
ING PRIMARY PARTICLE FLUX. 

PRMARY COSMIC RADIATION 
(NUCLEUS OF HELIUM ATOM) 

PRIMARY COSMIC RADIATION 
(NUCLEI OF HEAVIER ATOMS) 
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ENV !'RO,WENTAL C O N D I T  I .INS 

10-1 

10-2 

10-3 0 10 20 30 40 50 60 70 80 90 

ORBITAL INCLINATION (DEGREES) 

Average cosmic-ray dose rate a t  solar mirimum a 8  
a function of circular oxLtal  inclination for 
various altitudes. 
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ENVIRONMENTAL C O N D I T I O N S  

Nomograph for Demonstrating 
Magnitude of Blast Hazard from 
Equivalent Weight of TNT 

ENERGY EQUIVALENT 
(18 OF T I T )  

~ 

10,000 

5,000 

1,000 

I 

500 - 
- - - 
- 

100 - - - - 
so 

- - - 

10 - - - - 
5 -  

I - - - 

DISTANCE 
W) 

20,000 

10.000 

2,000 

1,000 

200 

100 
80 
60 

40 

20 

IO 

PEAK OVEPPRESSURE 

0.08 

0.1 

0.2 

0.4 

0.6 

0.8 

1.0 

2 

t- I 6 , M A R G l N A L  4 SAFE 
OVE RPRLSSlrllE 

20 

40 

18 
200 

400 
600 

1,000 
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ENV IROIWENTAL CON3 i T  IONS 

Effects on Man from Blast Waves Produced by 
Conventional High Explosives* 

Poak Static 
Ovurpnssun 

(P.i@)+' 

0 to 2.5 

2.5 to 7 

7 io 20 

2oto 100 
(OSpeCially - >@I 

Above 100 
( o r ~ o c i a l l ~  

Probably no effect on gross performance 
other than a momentary blinking, a possible 
transient in a control movement, and a pos- 
sible slight decrease h auditory sensitivity. 

Performance may deteriorate due to increased 
effects described above; greater than normal 
energy expenditure to perfarm a given task; 
nervous tension. 

Ruptured eardrums; permanent hearing loss 
above 3,000 cps after repeated exposures; 
pain; mild feelings of lethargy and fatigue; 
inability to concentrate; general neTvouyIcu. 

Very much increased effects described above; 
damage tc lungs, viscera and other organs, 
and to the brain; possible death. 

Probable death, ordinarily due to me fact 
that air, foxed into the ruptured blood vessels 

>* to w) of the lungs, travels to the heart and brain 
(air embclism). 

TYPICAL CHARACTERISTICS OF A 
SHOCK WAVE TRAVEUNG IN FREE AIR 

Tim. 
0 to Poak 
(microroc) 

2 3500 0.30 

5 6640 0.15 

10 8360 0.10 

15 9620 0.08 

20 1 oaao 0.07 

4400 

0200 

12200 

14400 

16500 
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ME'I 'ABOLIC FAC'I 'ORS 
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METABOLIC FACTORS 

Metabolic Requirements for Spacecraft Cabins 

Activity Btu/hr 

Sleep 70 
Eat ing 1 . 5 ~  basal 
Exercise 2 . 5 ~  basal 
Rest and relaxation 1 . 5 ~  basal 

Work Program: 
F1 ight control 2 . 0 ~  basal 
Reconnaissance 2 . 5 ~  basal 
Scientific observation 2 . 5 ~  basal 
Repair 4.0~ basal 

Suited(unpressurized) add in- 
crease as follows: 
Sleep +10 
Eating +50 
Exercise +50 
Rest and relaxation +50 
Work +50 

2 8 G  
420 
700 
420 

560 
70C 
700 
1120 
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METABOLIC FACTORS 

f 

Simu I ation I Rest 

One-g 697 

Neutral buoyancy 1035 

Zera-g six-degree-of- .reedom 478 
b 

Metabolic Costs of Work During Simulation of Weightlessness 

1 

Maximum Measured 

3243 

2170 

3489 

1. Horsepower Output with Various Degrees of b. Pe ...entaqe tncrease of Oxygen/Horsepower ratio 
Freedom on Reciprocating Task; 15-Pwnd 
Load and 22-Inch Stroke 

for a Reciprocating Task; 15Pound Load and 
22-Inch Stroke 

Effect of degrees of freedom on power ouwut and oxygen efficiency 
of output in a mechanical weightlessness simulator. 

df - Subject free to translate horizontally in a l l  directions. 

3 dfA - Subject free to translate horizontally in all directions 
and rotate in a vertical plane. 

3 dfB - Subjkt free to translate hotizontally in a l l  directions 
and rotate in a horizontal plane. 

4 df - Subject free to translate horizontally in a l l  directions and 
to rotate about his 09 Center of gravity in planes parallel 
and perpendicular to the floor. 
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Formui2s fo r  calculating energy cos t  and variance of walking on a level w i t h  ioad 

E 

c, 
Q 

P 

- 

For speeds  between 2.0 and 4.5 mph, the following equation8 give predrcIrone for the 
energy  cost of marching and i ts  variance: 

speed, v, mPh v. whr 
I m 8 :2 

E = K + Y  

K * 0.0083 (10 + W + L) evI5O 

Y = C.56 f 0.0091 W 

a2 = 0.017 

where E = total energy  expenditure in kilocalories p e r  minute. 

K = e n e r u  expenditure in kilocalories per minute above res t ing  expenditure, 

Y = r e s t ing  energy  expenditure in kilocalories p e r  minute. 

0 2  = var iance  in K, 

W = body weight i n  kilograms, 

L 9 load c a r r i e d  in  kilograms, 

v = marching  velocity in meters lmin ,  and 

e = exponential constant. 
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BEHAVIOiiAL FACTORS 

BEHAV IORAI, r’ACT3RS 

This section contains infsrination about human behavior 
and operator performznce as an integral part of a man- 
machine system. Since materials were drawn from other 
sources there ;-s an obvious overlap between this sectic 1. 

and others such as equipment design and physiological 
factors. However, most of the data hc.> been sclected cn 
the basis of operator performance etfectiveness mder vc7‘~- 
ious conditions - physical and environnlmta!. 

The fol’ ving spccific references are suggested for 
additional rLddhg: 

Fogel, L. J. - Biotechnology: Ccncepts and Appl-icatior. 3 , 
Prentice-Hall, Engelwood Cli Lcfs, N. J., 1963. 

Fitts, P. M. & Posner, M. I. - Human Performance - Basic 
Concepts in Psychology Series, Brooks-Cole Pub. Co., 
Belmont, Calif., 1968. 

Meister, 9. & Rabideau, G. F. - Human Factcrs Evaluation 
in System Development, John Wiley & Sons, N. Y . ,  1965. 

Mdormick,  E. J. - Human Factors Engineering, McGraw- 
Hill Book Co., N. Y . ,  1965. 

Idorgan, C. T. et a1 - hman Engineerizig Guide to Equip- 
ment Design, McGraw-Hill Book Co., N. Y., 1963. 

WooLson, W. E. & Conover. D. W. - Hur,an Engineering Guide 
for Equipment Designers, Univ. Calif. Press, Berkeley, 
Calif. , 1964. 

Stevens, S. S, - Handbook of F -,. -imenLal Psychology, 
John Wiley & Sons, N. Y., 1951. 
NASA CR-1205(111) - Compendium of H m n  Responses to the 
Aerospace Environnent, (Sections io -16)  prepired by E. M. 
Roth, M.D. 

I A S A  CR-1370 - Predicting Human Performaiice in Space En- 
vironments, prapared by W. H. Teichner and Diane Olsoi., 
Harvard Univ. 
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BEHAVIORAL FACTORS 
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BEHAVIJRAL FACTORS 

0 

0 

0 

0 

0 

i )  

0 

0 

0 

0 

0 

GENERAL POPULATION STEREOTYPE REACTIONS 

HANDLES USED FOR CONTROiLiNG LIQUIDS ARE EXPECTED TO TURN 
CLOCKWISE FOR OFF AND COUNTER-CLOCKWISE FOR ON. 

KNOBS ON ELECTRICAL EQLJIPMENT ARE EXPECTED TO TURN CLOCK- 
WISE FOR ON, TO INCP', € CURRENT, AND COUNTER-CLOCKWISE 
FOR OFF OR DECREASE Ik JRRENT. iYOTE: THIS IS OPPOSITE TO THE 
STEREOTYPE FOR LIQUID.) 

CERTAIN COLORS ARE ASSOCIATED WlTt , TAFFIC, OPERATION OF 
VEHICLES, AND SAFETY. 

iOR CONTROL OF VEHICLES IN WHICH THE OPERATOR IS RIDING, THE 

WISE TO RESULT IN A SIMILAR MOTION OF HIS VEHICLE, AND VICE 
VERSA. 

SKY-EARTH IMPRESSIONS CARRY OVER INTO COLORS AND SHADINGS: 
LIG: 'T SHADES AND BLUISH COLORS ARE RELATED TO THE SKY OR UP, 
WHEREAS DARK SHADES AND GREENISH OR bROWNlSH COLORS ARE 
kELATED TO THE GROUND OR DOWN, 

THINGS WHICH ARE FURTHER AWAY ARE EXPECTED TO LOOK SMALLER. 

OPERATOR EXPECTS A CONTROL MOTION TO THE RIGHT OR CLOCK- 

COOLNESS IS ASSOCIATED WITH BLUE AND BLUE-GREEN COLORS, 
WARMNESS WITH YELLOWS AND RIDS. 

VERY LOUD SOUNDS OR SOUNDS REPEATED IN RAPID SUCCESSION, 
AND VISUAL DISPLAYS WHICH MOVE RAPIDLY OR ARE VERY BRIGHT, 
IMPLY URGENCY AND EXCITEMENT. 

VERY LARGE OBJECTS OR DARK OBJECTS IMPLY "HEAVINESS." SMALL 

HEAVY OBJECTS ARE EXPECTED TO BE "AT THE BOTTOM." SMALL LIGHT 
OBJECTS ARE EXPECTED TO BE "AT THE TOP." 

PEOPLE EXPECT NORMAL SPEECH dUNDS TO BE IN FRONT OF THEM 
AND AT APPROXIMATELY HEAD HEIGHT. 

SEAT HEIGHTS ARE EXPECTED TC, BE AT A CERTAIN LEVEL WHEN A 
PERSON SITS DOWNI 

OBJECTS OR LIGHT-COLORED ONES APPEAR LIGHT IN WEIGPT. LARGE, 
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BEHAVIORAL FACTORS 

Classification of Behaviors 

ProceswJ 
SpCY iflc 

Acrivities Urlrcc viors 

.Searching for and 
Receiving Information 

Perceptual 
Processes 

Identifying Objects, 
Actions, Events 

Information 
Processing 

Mediational 
Processes 

Problem Solving and 
Decision Malung 

Communication Processes 

Simple/Discrete 

Motor 
Processes 

Detccis 
Iiispects 
Observes 
Reads 
Kccerves 
Scans 
Surveys 
Discriminates 
ldcntifies 
Locates 
Categorizes 
Calculates 
Codes 
Computes 
Interpolates 
Itemizes 
Tabulates 
Translates 
Analyzes 
Calculates 
Chooses 
Compares 
Computes 
Estimates 

Advises 
Answers 
Communicates 
Directs 
Indicates 
Informs 
Instructs 
Requests 
Transmits 
Activates 
Closes 
Connects 
Disconnects 
Joins 
Moves 
Presses 
sets 
Adjusts 

* Plms 

Aligns 

Synchronizes 
Tracks 

Complex/Continuous Regulates 
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BEHAVIORAL FACTORS 

Viswl 

MAXIMUM RATES OF INFORMA'TION TRANSFER IN 
VARIOUS DIM INSIONS OF SENSORY MODALITIES 

I MAXIMUM RATE (BllS/STlMUlUS) 1 MODALITY DlMLNSlON 

Llnvor eatent 3.25 
Area 2.7 
Direction of line 3.3 
C voture of line 2.2 
Hue 3.1 
Brighlnus 3.3 

Auditory 

Auditov Loudness 
Pitch 

Pitch ond loudness 
Pitch, loudr :is, r010 of 
interruption, on-time 

2.3 I 2.5 

lott. 

i 1.9 

2.0 
2.3 i 2.8 

Durotion 
Location on the chest 

frocIion, durotion, 
spotiol locotion 7.2 

Soltinets ond snertn.&s 2.3 

I 
~ ~ ~ ~ ~ ~~ 

Smoll :ntenrity 1.53 I 
(MULTI-DIMENSIONAL MEASUREMENfS) 

Visuol Dot in a squore 
Sire, brighrnesr, ond 
hue (all corrcloled) 

4.4 

4.1 

3.1 
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.d .d .d .d 
P P P P  

1 
I 

rn 
L, 
.d 
P 

a 
m 
It 

n 

.r( 
4.J 
(0 
L.l 
3 

m 
u 
.d 
P 

0 

a 
It 

n 

2 
0 
.d 
VI 

. .  
a, 

a, M a . 0  
h -!: a, 
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BEHAVI ORAI, FACTORS 

H L W N  REACTION TIME 

c 

2z 
0 
0 w 
VI 

4 

5 
U 

w 

f i  

a .  By Sensory Mode: 
Pa i n  
Odcr 
Warmth 
Cold  

.sua 1 
Tactual 
Auditory 

. ,  

b. By Age: 
20 y r s .  
30 y r s .  
40 y r s .  

0 .7  sec. 
3.29 SCC.  

0.22 sec.  
0 ,2  sec.  
0.19 sec.  
0.17 sec.  
0.215 sec.  tc 
0.125 min. 

U . 2  sec. 
G.22 s e c .  
0.25 sec. 

c.  Speed of  Perception t o  Action: 
Neura 1 t rans  i t  0 . :  sec. 
Brain recognition 0.4 sec .  
Decision 5 .0  sec.. 
Motor r e s p o x e  0.5 sec.  

~ 

6.0 sec.  minimurr 

.8 

.7 . I 
I 

.6 I I 

.s ' 

.4 ' 

A 2 3 c 5 6 7 8 9 10 
K;lr*SER OF CHOICES 

\ 

Operator reaction time versus number of choices 
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Corrrparison of  t h e  stinulus i n t e n s i t y  r a n g e s  o f  t h e  senses .  

Ronge of rtimulotion intensity 

Sensotion Smollert de!~ctoble iorgert prottical 

Sght 

Hearing 

-10’ threshoid intensity 

-IO1‘ X threshold intensity 

Mechanical 
vibration 

‘Toucn 
(pressvre) 

Smell 

Taste 

0.00025 mm overogo ompGkdo 
at fingertip 

-40 db obovo throMd 

0.026 erg at boll af thumb No da’a availablo 

2 x IO-’ mg/m3 of vanittin No data ovailabla 

4 x 1 0-7 motor concentrot;on 
of quinine ruliate 

No data available 

O . O O O ~  5 gm-cat/cm*/sec for 
3-scc srporure of 200 cm* 
of skin 

0.21 8 gm-cal/cmJ/sec for 
~ r e c  exporurs of 200 m2 
of skin 

Temperature 

0.2-0.7 dcg or lO-deg/n,.r. tor 
joint movements 

Position and 
movemonl 

NO doto avoilable 
f 

0.1 2 deg/sec* for orulogyrol 
iiiurion 

Positive-g forcer of 5-89 
lasting 1 sec or m0t0 

Nogativo-g forces of 34.50 

Angular 
accelero tion 

Some limitations os for angv!at 
wce:orotion for forcor acting 
In directicn of long axis of 
body 

Linear 
a ccelerath 

0.080 for decolo~ot~on 

I 

Mowbro 1 and G&hord, 1 958. 
V - 
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BEHAVIORAL FACTORS 

Comparison of the frequency-detectabiiity range and 
frequency-discrimination abilities of some of the senses. 

)we (OM8 20 c p m  20,000 qm 

-Movbmr  and Cebhord, 19%. 

-1 73 d;icrim;nobh hues 01 

med;urn intens;t;. 

375 distriminoblc inlerrup- 
tion roles bcrrocn 1-45 
intcrrupt;onr/rec 01 mod- 
arota intenritier and du(l 
q d 8  Of 0.5 

1,800 d;icr;minabl. tone dii- 
ferences betreon 20 cps 
and 20,000 cpr 01 60 db 
loudnos 

460 d.rcriminable inlerrup- 
tbn  roles belrecn 1-45 
inrcrrupt;onr/stc 01 mod- 
ern~. in~enilier and duly 
cycle "f 0.5 

180 d~rcrimiwble f r o q u ~ q  
oi.hrcnces behaUl  1 
ond 320 cpr 

Comparison of the discriminetion abilities of some 
of the senses. 

3- 1 5  



BEHAVIORAL FACTORS 

Characteristics of the senses. 

Light-mliat~~ 
Jcctromagpneic 
energy in the visible 
spectrum 
Wavelcn& from 
400to700mU. 
(violet to red) 

Panicla of niattcr 
in solution (liquid 
or aerosol). 

120 to 160 step in 
wavelength ( h w )  
w i n g  from 
1 to 20 mu. 
-90 db. ( d l  

for 
rodr = 0.oooo1 mL 
to 0.004 mL: 
Eona = 0.om mL 
to I9.OOo mL ' 

alltrau = - r.015 ar 
I 

- 1 1 0  db. 
0 db = O.OOO2 
dpJan* 

-30 db. 
.OlmmIOlOmm 

TDsce SO db 
3 x lo-' to 3% 
concentn:ion 
quinine rulP;-.u* 
Smell = 100 db. 

5 db : loo0 cp. u 
20 db or above) 

Taste 3 30 
smcll: .10 to M 

- l l o ~ & x .  
~ynatmur m y  
priu to 2 min. ahcr 
rapid cham io 
rootion . - 

5(-7 to SOOF 
(Pmn-y~lo-) 
IO to 200 fooG 
u n d l a  
1. Spatial oritnut#a 
rrqsired. 
2. Spatial scan- 
or search required. 
3: Simultaneour 
comparisons 
rtquired. 
4. M u l t i d i m a a i d  
material presented, 
5. High ambient 
mke levelr. 

(Jovilz, 1961) 
Baker and Crahr, 

1954 
Chopnu. 1949 
Woodson, 1954 
Wulfeck. cr 01, 1958 

3 a o t o s a o o ~  
40 to 80 db 

1. 'Naming or 
cmcrgencyrignab. 
2. Interruption of 
attention required. 
3. Srnoli tanpod 
relatiorr imponmt. 
4. Poor ambient 
li$h!ing 
5. High vibration Q 
G . f o M  pramt  

(Javitz. 1961) 

1. coaditiom 1. Parameter to 

BcLhy. 1961 
J d b ,  1951 

waw 1951 Wmdt. 1951 

3-16 



BEHAVIORAL FACTORS 

Variables which must be controlled when measuring some of 
the principal kinds of visual performance. 

Variables 10 Be Controlled ! 
I 

c 

n 
.- u 

Type of Visual -2 
Pcrfornimcc 

Dcpth 

hlovcmcnt 

Flicker 

Brightness 
dixriniination ' x 

scnsitivit y 

Color 
dixriminarion X 

Brightness i 

l 

0 N 

iij 
a 
a 

c 

m 
c 

" c - 
- 
x x  

x x  

x i  x 
x x  

x x  

x x  

x x  

I x x  

x x  
I 

X 

hl V) 

X 

X I 

Variable being measured . 
(From Wulfeck et uf., 19%) 
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- 
z 

75- 

- -  5 Z 3 Z I O  
BACKGROUND LUMINANCE 

Visual angle of the smallest detail that 
criminated as a function of background 

can be dis- 
luminance. 

VISUAL ANGLE (mid 
1 

Probability of target detecticn as  a fmction of target 
size (visual angle) when target is known. 

3-  18 



BEHAV I O R A L  FACTORS 

; 3 
E. - 
Y 

> 

z w 
t z 

5 2 -  

- 
2 
u) t 

.F 0 

w a 

B THRESHOLO IN MINUTES 
0 2 
C 0 ~ h ) W I U U l ) Y  r 

OF VISUAL ANGLE SUBTENOEO 

g o  

4 , .  

Ciaon--- 
y,ilow ........ - Whilr- 
Rr8 --- 

’ -  
................... 

- 

-< 
0 0  
110 

0 

V i s  -1 Acu i ty  a s  a Functior:  
of . e l a t i v e  Movement 
Betll-een Observer  and t a r g e t .  

5 

4 

INSTAP TANEOUS 
THRESHOLD j- I 

\ 
i ARITHh!ETIC’ 

0 IO 20 30 4 0  
TIME IN OARK 

Luminance that can j u s t  be 
seen as  f u n c t i o n  af  time 
i n  darkness. 

- *  1 I I I I 

-4  - 2  0 2 4 
BACKGROUND BRIGHTNESS (loa ft-cl 

..... I r dint-source signal hght of various colors when 
I . &st neutral background of various brightness. 

3 -  1 9  



DISPLAY MOVING ELEXENT THRESHOLD DLTECTION 

Accurate t r a c k i n g  ( c o n t r o l - d i s p l a y  r e s p c n s e )  r e q u i x s  
d e t s c t - i m  of movenient of a d i s p l a y e d  element. V e r y  s low 
niaveincii CI' t h e  e lement  t e n d s  t o  degrade  the  accuracy  o r  
t r a c k i n g  as w e l l  as d e t e c t i o n  of real  v s  n o i s e  targets. 
The followin,: movement rates a r e  r e q u i r e d  f o r  e f f e c t i v e  
o p e r a t o r  r 3 s pons e : 

Threshold of Movement D e t e c t i o n ; e . g . ,  moving 
e lement  viewed a g a i n s t  a t e x t u r k d  backgrousd: 

1 t o  2 rnin/sec 

Moving e lement  a g a i n  s t u n i f  orrri 

10 tcj 20 min/sec 

Phi movement t h r e s h o l d :  

3O t o  gO/sec 

background : 

Blurring t h r e s h o l d  : 

i 2 O  t o  30°/sec 

I I I I 
1 -  

5 IO 15 20 ' 25 30 0' 
P t a c o w F D D T A N c t ~ ~ ~  

Threshold Data f o r  Visual Judgment of Target Motion During 
Rendezvous. 

3- 20 



BEHAVl ORAL, FAC'II'ORS 

h 

I I  

MROL 

Wlndow Size 
Viewlng Dlstancr 
Vlewlng Angle 
Mlnlrnum Acrolvablr Oblrot 
Lensh 
Angl. Subtendrd at Eyr by 
MP.3 

Geometrical Relationships for 
Computing Optimum Direct V i s i o n  
Capabilities. 

THSORETICAL CAPABILITIES OF DIRECT, UNXDED VISION 

Orliifd Orbifai 
altifidr rvtwity 
b rrvilrr fU.p.h. 

113 17,446 
505 16,663 
73 8 16,245 
993 15,821 
1485 15,089 
2006 14,415 
3542 12,854 
5059 11,723 
7585 10,362 

10,026 9414 
12,576 8658 
15,653 7950 
17,708 7563 
20,053 71 84 
22#289 6872 

0rbi:ai 
prrid 

h - w i a .  

1 :28 
1 :4 1 
1 :49 

2: 16 
2:36 
3:40 
4:50 
7:oo 
9:20 
12:oo 
15:30 
18:OO 
21 :oo 
24:OO 

I :sa 

Miiimriui nmiLublr 
djrrf  Iriigib 

(Atnox.)jl. 

17.30 
7732 

11,300 
15,204 
22,738 
30,715 
54,325 
77,613 
116.141 
153,518 
192,563 
239,678 
271,144 
307.05 1 
341,289 

Grntiid raiip, natifi' .?I w i h  (By r i t u h i  
tfiJtm I# 7 iii. W&C& windobg 

I2 hi. 14 h. 16 in. 

66 56 49 
295 253 220 
43 1 369 322 
573 496 434 
866 742 649 
1170 1003 877 
2066 1771 1549 
295 1 2529 2212 
4425 3 742 3317 
5849 5013 4385 
7337 6283 5501 
9131 7a26 6846 

10,330 8854 7745 
11,989 10,026 8771 
13,003 11,145 9749 

__I .- 

TIME TO VIEW GROUND OBJECTS AS A FUNCTION O F  ORBITAL ALTITUDE 

(7 in. Window, 12 in. Viewing Distance) 

Orbird 
dfi!n& 
( w h )  

113 
505 
73 8 
w3 

1485 
2006 
3542 
5059 

Tim. to 
uiew 
(win) 
0.422 
I .48 
2.37 
3.45 
5.87 
9.47 

2420 
49.70 

3-  2 1  

Orbrtai 
ahti& 
(wilCJ) 

7,585 
10,026 
12,576 
15,653 
17,708 
20,053 
-9 

TiTr t* 

(aiiii) 
PMW 

121.5 
248 
489 

1111 
2080 
5550 
00 

I 



K E Y  

re  Earth Itadius 
h Satcllttc Altitude 
o Look Angle from S O t v ~ ~ i t ~  
S Sliint I(0ngc to Object 
y AIpect  Angle of ObjMl 
B Subtendod Eeflh Contra1 Anal0 

Simplified Geometrical RdatiOnShiP8 for 
Fol7k.ar.l Area Scan From Satellite - 

THEORETICAL CAPABILITIES OF DIIWCT , UNAIDED VISION: 

&oh 
q h  I 

0 0.0 
5 2.1 

10 4.4 
20 8.8 
30 14.2 
40 20.7 
50 29.8 
60 44.5 
70 nm 

100 
.r Y 

loo 90 
100.3 84.9 
102.7 79.7 
105.3 69.4 
116.5 59.0 
131.7 48.6 
159 38.0 
210 27.0 
335 14.7 

0.0 1SO 'MI 0.0 
3.3 1.51 WJ.8 4.4 
6.6 lS2 79.6 9.0 

13.6 160 6'Ll 18.7 
2i.9 175 5H.S 29.7 
31.9 198 47.9 43.8 
46.2 241 M.9 63.5 
69.8 323 2.5.3 9R.O 

1303 5% 11.3 212.5 

2lJo 'M) 0.0 250 'M) 
202 84.7 5.h 2.52 84.6 
204 70.4 11.4 2.54 70.3 
214 68.8 23.9 267 68.5 

207 47.1 57.6 344 46.4 
325 5S.H n2.2 411 34.7 
443 23.6 129.3 S72 21.7 
878 6.1 - - - 
233 sn.i 31.0 202 57.6 

FORWARD SCAN 

300 
I .\ y 

7.01 303 iI4.5 
0.0 300 'MJ 

14.0 306 79.1 

43.2 352 57.3 
69.2 405 45.7 

101.8 N O  33.6 
164.5 712 19.7 

29.2 321 e8.2 

- - -  

I 
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BEHAVIORAL FACTORS 

15 

14 

13 

12 

11 

2 10 

s 
u 9  u 

2 
‘ 8  z 
J 
k 7  

2 6  

3 

0 

4n 

0 
k 
0, 

-r( 

5 

4 

3 

2 

1 

0 

Glare Recovery Time Curves 
for Map Reading After 5 Mi!. Exposure to Outside Light 

3- 2 3  



RE::OVLRY TIME (SLCONOS) 

Rec e r y  time f o r  v i s u a l  t a s k  pe r fo rmance  f o l l o w i n g  b r i e f  (0.1 s e c )  
e x p o s u r e  t o  v a r i o u s  l i g h t  i n t e n s i t i e s .  The s o l i d  c u r v e  i n d i c a t e s  
v i s u a l  t a s k  pe r fo rmance  w i t h  o b j e c t  luminance  of 0 . 0 7  f t - L  and t h e  
d o t t e d  l i n e s  i n d i c a t e  pe r fo rmance  w i t h  h i g h e r  l u m i n a n c e s .  The f l a s h  
i n t e n s i t y  i s  i n i i c a i . 3 d  i n  t h e  o r d i n a t e s .  

3- 2 4  
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BEHAVIORAL FACTORS 

t 

AREA OF FECUNG 

H 

AREA OF HEARING 

(u 
0 

W 

In 
Q 

w 
LT 
3 

W c a. 
Q 20- 
2 3 
0 

2 40  

AREA OF NO HEAiZlNG 

0 -  

I 1J.U 1 1 1  I I I 1 1  I i l I  
100 1000 10,000 

FREOUENCY IN CPS 

Threshold of audibility as a functiou of frequency. 

FREGUENCY IN CPS 

Average speech spectra. 
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c 
1 0  
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B EII.4V I ORAL FAC'I'OKS 

r 
E LOOW 
ANGLE ?I Q E CT ION 

CC F O R C E  D F 5 )  

- 
PUSH 60 

90 
120 
150 
180 

PULL 60 
90 
120 
150 
180 

LEFT 60 
90 
120 
150 

4: le@ 
RIGHT 6C 

90 
120 
150 
180 

UP 60 
90 
120 
150 

COWN 60 
90 

180 

120 
150 
180 

HUNSICKER, 1955. 

L 

PERCENTILES (La) 
' 

5TH 50TH 95TW S.D. 

L R L  R L  R L R 

22 34 79 92 lb4 IS0 31 38 
22 36 83 86 172 154 35 33 
26 36 99 103 180 172 42 43 
30 42 1 1 1  123 192 194 48 45 

42 50 126 138 196 210 47 49 
26 24 64 63 I10 74 23 23 
32 37 80 88 112 135 28 30 
34 42 94 104 152 154 34 31 
42 56 112 122 168 189 37 36 
50 >i 116 120 172 171 37 37 
12 20 32 52 62 87 17 19 
10 18 33 50 72 97 19 23 
10 22 JO 53 68 100 18 26 
8 20 29 54 66 104 20 25 
9 20 30 50 64 104 20 26 
17 17 50 42 8 3  82 21 20 
16 16 48 37 87 68 22 18 
20 15 45 34 89 cr? 2 ;  1; 
15 15 47 33 li3 64 27 18 
13 14 4 3  34 92 62 22 24 
15 20 44 49 82 82 18 18 
17 20 52 56 100 106 22 22 
17 24 54 60 102 124 25 24 
15 18 52 56 110 118 27 28 

18 20 46 51 76 89 18 21 
21 26 49 53 92 88 20 20 

18 20 41 47 74 80 16 18 , 13 17 35 41 72 82 15 18 

9 14 P I  43 83  ea 23 22 

21 26 51 58 102 98 23 23 

Maximum force exerted in the sitting position on a 
vertical handgrip at various elbow angles (right hand) 
(left hand); male college students. 

3 - 2 7  ' 



BEHAVIORAL FACTORS 

ELBOW PERCENTILES (LE) 

(DEG) 5TH 50TH 95TH 

DIRECTION ANCLE 
OF FORCE 

L R L  R L R 

PUSH 60 35 34 63 96 176 172 
90 25 25 S9 65 104 117 

120 15 20 40 43 80 71 
150 13 17 38 36 69 59 
180 14 12 30 32 A7 58 

PULL 60 23 16 54 5 1  07 93 
90 13 13 42 43 68 74 

120 14 1 1  40 40 66 63 
150 16 11 40 37 62 66 
180 17 15 40 39 70 73 

60 16 18 38 44 64 73 
46 72 90 12 16 32 39 

120 14 !7 31 34 55 64 
150 12 1.' 32 32 62 60 
180 12 14 29 29 43 48 

L E F T  60 17 13 42 36 81 70 
90 16 13 33 31 52 48 

120 14 12 28 30 45 46 
150 12 12 26 31 43 52 
180 8 10 27 28 44 44 

UP 60 20 15 49 45 89 78 
90 24 21 75 63 131 107 

120 38 41 94 88 152 143 
150 44 33 104 103 164 161 
180 45 51 111 113 173 165 

DOWN 60 20 20 58 59 I38  132 
90 23 I7 80 83 160 143 

120 35 39 84 92 136 148 
150 43 '17 84 93 136 150 

RIGHT 

- 

-.. 

180 50 414 7t 07 114 135 
HUNSICKER AND GREEY, 1957. 

L 
S.D. 

42 39 
27 24 
18 17 
30 14 
10 15 

23 25 
21 19 
18 17 
15 17 
18 19 

12 19 
12 24 
13 15 
15 14 
9 12 

20 17 
12 l i  
8 1 1  

10 14 
10 10 

22 22 
29 27 
33 33 
36 4G 
40 34 

4 1  35 
43 37 
33 13 
29 35 
28 32 

.- 

I 
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BEHAVIORAL FACTORS 

DIRECTION 
OF FORCE 

PUSH 

PULL 

RIGHT 

L E F T  

4 

ELBOW 
ANGLE 
(DEG) 

60 
90 
110 
150 
180 

60 
90 
120 
150 
180 

60 
90 
123 
i 50 
i 80 
60 
90 

1?0 
150 

I 86 94 
60 65 

~ 43 46 
i 37 40 

32 32 

39 37 
37 32 
30 26 
32 29 
34 28 

A 2  41 
38 31 
34 26 
31 21 
28 19 

36 48 
27 39 
22 34 
23 32 
20 31 

i 

PE 
5 T l i  

138 156 
93 100 
71 70 
69 66 
5 9  59 

64 50 
55 54 
56 43 
52 48 
61 48 

66 72 
60 64 

53 
39 54 

61 34 
51 73 
54 59 
39 4; 
53 45 
J9 57 

53 . 

L R 

33 40 
27 25 
I7 23 
15 18 
12 17 

20 13 
17 14 
12 13 
IS 12 
16 1 1  

20 19 
17 12 
17 0 
17 9 
15 10 
18 16 
1 1  16 
10 15 
9 18 
10 16 

22 23 

45 41 
58 43 
4 7  35 
I *  23 
23 22 
19 37 
39 40 
34 41 

37 2a 

HUNSICKER AND GREEY. 1957. 

R C E N T I L E S  (LB)  r r  

5 7  49 
77 69 
91 91 

100 99 
101 95 

74 81 
75 83 
75 92 
79 90 
76 87 

100 70 
. 123 112 
12s 138 
159 165 
171 156 

i39 IS8 
136 142 
148 161 
126 154 
138 143 

S.D. 

L R 

35 36 
28 24 
17 15 
18 18 
13 12 

18 16 
18 13 
14 10 
13 10 
15 12 

15 19 
12 15 

1 1  1 1  
8 7 

1 1  15 
10 11 
16 7 
13 13 

a 12 

15 l a  

22 20 
24 29 
30 30 
32 38 
1 1  35 

35 35 
?.i 35 
40 35 
29 34 
31 31 

SITTING POSITION 

Maximum f o r c e  exerted i n  t h e  s i t t i n g  p o s i t i o n  wi th  t h e  
hand grasping (thumb toward body, palm rearward) at 
various elbow angles  b y  t he  r i g h t  and l e f t  arms of male 
college studcil ts .  

3 - 2 9  



-~ 

Rid 

I 
2 
3 
4 
5 
6 
7 
8 

Diocancc A 
in. 

Diatancc B. 
in. 

Maximum conlrollcr antic (unconslraincd). deg 

Righl Roll  Le11 Roll  Forward Rearward 
1 Pilch Pitch 

90. 

15.00 
11.50 
13.00 
12.00 
14.00 
1 4 . W  
12.50 
13.50 

- 
90- 

:3.00 
12.75 
13.00 
13.00 
13.00 
13.75 
12.75 
13.25 
13.25 
13.-5 
I3 25 - 

- 
130. 

12.50 
11.50 
12.00 
12.00 
12.50 
13.75 
11.50 
13.00 
13.00 
13.50 
13.75 
7 

Measured a1 t lbuw I 

90' 130- 80. 

d e  01 - 

55 

18.30 I 2b 30 1 13.15 12.63 91.8 96 91.4 1 97.3 1 

7 5  
IO(: 
95 
60 

100 
LOO 
105 
I00 
105 
105 
105 

.- 
90. 

45 
65 
55 
50 
60 
75  
70 
80 
4 5  
75 
60 - 

Measurements of the arms of pilots using a mockup of a side-arm controller, aild of ?he 
unconstrained angular deflections they could achieve in roll and pitch with the controller. 
Data were taken with the arm straight or flexed as shown. The preferred neutral position 
for the controiler was foirnd to be 8' to the right and ;tio f w a r d  of the wrtical. The 
preferred arm position was a sight f~nnerd  extension from soo. 

Force Capabilities Using Side-Arm Controller 

3- 30 



BEHAVICIRAL FACTORS 

0 in. I t  40 in. Ib 

3-6 10 

Handwheel/Crank Position, Diameter vs 
Force Requirements 

90 in. Ib 

16 24 

3.8 -1 ~ 1016 

3-6 10 

1 HJH 4 k 7 h  

36 16 

10 

4%-7H 

39 

40 

42 

46 

Q l C  

90 I W y 
-45 

45 I w 

Q -1 C 

3-10 1 1C-16 I 16 

3 6  10 1 10-16 

2K4H I 4% I 4H7H 

Thou data woro bud 00 utting 
t h t  for ku t h r  pod.groo turn, 

3 - 3 1  



BEHAVIORAL FACTORS 

Guiding Principles for positioning Control Units - 
Energ) 

r'ype of control Speed Accuracy expenditure Range Load 

Horizontal lever good poor poor poor up to ca. 3 kr 

'& Venice1 good moderate good poor up to ca. 13 kg 
iever 

Joy-stick small good moderate poor poor ca. 1 kg 

good poor good poor ca. 2 -9  k~ 

Gear lever 

R 
good good poor very poor up to fa. 0 kg 

Crank rmll good poor very poor Oood . 0.9 - 2.5 Cg 
lever arm: 
up to 120 mm 

poor verypoor good good ovor 3.5 kg 
lever arm: 
150 - 220 mm 

big - 

Handwheel poor good moderate moderate 2- 25 kg 
diametar 
180- 500 mm 

Knob with continuoui 
function small poor good very poor moderate up to 450 cmg 

diameter 
10-30 mm 

largo very moderate poor moderate up to 2500 cmg 
diameter 
35-75mm 

Knob with step good good very poor very poor 350 - 1500 Q 
functions diameter 

25-100 mm 

\*k, 

8 U I n W  Of prlncJpd foatwor of common conttol rystem: 
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VEHICLE DYNAMIC RESPONSE VS. PILOT OPlNlON 

1.2 

1.1 

1 .o 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 1 I 1 1 1 
.l .2 .3 .4 .s .o .7 .a .9 1.0 1.5 

SHORT PERIOD DAMPING RATIO 

The curves denote approximate boundaries of pilot opinion as  measured on a five point opinim 
rating scale based on flight testing i n  a variable stability fighter-type aircraft. The rating scale 
is shown below. 
acceptable-poor and unacceptable regions. 
The comments ari? summaries of prevalent pilot remarks in various regions of natural frequency 
and damping. 

The inner curve bounds the acceptable region. The outer curve bounds the 
The data points show the "Best Tested" configurations. 

1. 

2. 

3. 

4. 

5. 

Pilot Opinion Rating Scale 

Optimum: This configuration is the best all  around. It combines best precision of control with 
most comfortable control. 

Acceptable, Good: Noticeably better than acceptable but st i l l  could be improved. For example. 
very comfortable to fly but not the best control precision. 

Acceptable: In this configuration, the airplane's mission could be accomplished reasonably 
weli, but with considerable pilot effort or attention required directly for flying the airplane. 

Acceptable,' Poor: Airplane safe to fly, bu' Jilot effort or attention required is such a s  to 
reduce seriously the effectiveness of the alrplane in accom$ishing i ts  mission. 

Unacceptable: Pilot effort or attention required to the extent that the airplane's ability to 
accomplish its mission is  doubtful. 
is required for navigation, radio, combat, etc. 

Or, airplane would be unsafe to fly if  pilot's attention 
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Y -- 

Strength of a r m  extension (push) a t  five elbow angles 
with five conditions of back support. 

Hand torque and hand flexion force which the human 
can apply with and without full p ressure  suit. 

Means of Test R u u i a  
Haid T'orqw$ 

e + 
P d w  Pqbwnit SmvJrvtr MI ' Knol, Haid Fltxioid -- 

'Nl& &JI'* b i b  Aqy.; - Pm.* 5rp.e R@i L f i  

pnssurcruit 16.83 i7.66 27.W 9.79 69.17 57.50 73.33 85.83 118.33 117.50 110.83 111.66 

prerrurc suit, 
unprcss~.dted 8.16 8.16 12.66 3.63 62.50 45.83 70.00 74.16 118.66 140.83 78.3 80.CO 

prawn suit, 
p ~ u r i r e d  G . 0  6.83 6.16 2.00 51.66 48.66 56.66 60.83 .'lOS.SO 105.83 60.00 60.83 

.4bbrcvinlonr: Aq.-  Arumbly; Pron. - Pronation; Sup. - Suphdoa. 
t.Purdue pegboard meoumnait) indicate number of ku pkccd & &la by right bmd, I& hmd,.md bo& 

3 Hand toque meuuICmcll0 + ineh-poundh 
0 Hand flexion mcy1urmc11t8 18 gorradk 

Without full- 

With full- . 

With full- 

MI in 30 KCC, and the number of uKmblia c~mp&tcd% 60 KC. 
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BEHAVIORAL FACTORS 

I 

t 

I 
I 1 XJMAN WGRK OUTPUT C Y C L I N G  (HORSEPOUER) L I 3 I T S  I 
i 

- 
For about  1 second 6 ?io:-sepower 

5 minuzes .5 t o  2 horsepower 1 
u'p t o  about 150 minutes  .I4 t o  .5 h o r s z p w e r  

a hours  .2 horsepower 

3: 1-8, 196~) 
(Wilkie ,  D . R . ,  Marl as a Source of Mecharical  
Power, Ergonomics - 

1 

LEG STRENGTH 

The following maximum forces can be a p  
plied to pedal controls by the average man iscuming 
proper back support and ptimum leg angle: 

Up to 400 pounds of force can 'be applied by 
an average man in area A of the graph below, up 
to 600 pounds in area B. Line C represents a rccom- 
mended optimum path of pedal travel where force 
application is considered a requirement. 

z 
k -1 

L$ -2 

2 
$ 4  

5 -5 
0 - 6  4 

I o  SRP 

a 
-3 

-7 w 

2 3 :  
0 

40 35 30 25 20 1s 10 5 0 

DI: ' W E  FORWAR0 OF SEAT REF. P l .  -IN 
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t 

.&la 1 

(2 -2  
on 9 

Detection T h e  

4 
! 

\ 

Probability of False Response 

= two hrs 4 
t two hrs o f f )  

&tory Vigilance 

Performance E f f i c i e i l c y  vs Wcrk-Rest Cvcle Configuration 

3-  37 



-1 c 

P 
7 .P 
.# 

I 

Probability Monitoring 
(Response to Red Lights) 

Arithmetic computation 

0 &a+ A (2-1) 

(Response to Green Lights) 

Pattern Discrimination 

Performance Efficiency vs Work-Rest Cycle Configuration 
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& 

b 

c 

90 

85 

Bc 

75 

a 

I I I I I I I I I I I 

lo 20 30 40 50 60 

DURATION OF WATCH 1N MINUTES 

Predicted event d e t e c t i o n  e f f i c i e n c y  of group 
of raaar opera tors  i n  terms of a l e r t e d  per for -  
mance as a func t ion  of watch dura t ion .  
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HUEPAN BEHAVIORAL RESPONSE i s  ENVIRONMENTS (GENERAL) 

Acce 1 era t i m  

Atmospheric Pressure 
Atomic Rac'iation 
Carbon Dioxide 
Carbon Monoxide 
Electricity(60 cycle) 
Heat Loss 

Humidity 
Light 
Mechanical Vibration 

Noise 
Oxygen 
Shock Waves 
Temperature 
Ventilation 

COMFORT ZONE 

0 - 0.1 g 

10 - 23 PSIA 
0 - .2 3em:yr 
0 - 1700 PPM 
0 - 100 PPM 
0 - 1 M A  

330 - 1450 BTU/hr 
30 - 70 % 

20 - 100 Ft-c 
0 - 1 cps 
S - .005 inches 
0 - 85 db 

15 to 60 % 

0 - 2.5 p s i g  

65 - 75OF 
13 - 20 cu ft/min 

DISCOMFORT/ 
POSSIBLE DAMAGE 

'1 g 
8 PSIA 
15 Rem/yr 
40,000 PPM 
3,000 PPM 
10 MA 

>3,000 BTU/hr 
(10 - >90 % 

>10,000 Ft-c 
10 cps 
.05 inches 

>95 db 

>60 2 
>7 p s i g  

<30 - >lOO°F 
C5 - >50 cu €t/min 
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BEWAVI O R A L  FACTORS 

-Thresholds fo r  + C, acceleration. 

Criterion 

Loss of peripheral 

Blackout 4.7 
2.2-7.1 
2.7-7.8 
3.04.4 

vision 4.1 0.7 

-c 0.9 

Effects of Hypoxemia and G, Acceleration on Visual Performance 

Response of Several Visual Functions to Hypoxemia 

1 I I 1  I I I 
I 
I 
I 
I 
I 
I 

I I  
I w z 90- - D A R K  
I 

ADAPTATION I 
0 
N 

I 
1 w 9--9 CENTRAL 

V 
z 80- BRIGHTNESS ,/ a 
I - CONTRAST 

M CENTRAL 

- 

w 

- U z 
3 

c 
V w 
L 
LL 
w 
0 z 

90 85 80 75 70  65 60 55 
O/* ARTERIAL 0 2  SATURAflON 

I 1 1 1 1  I I I I  I l * l  

0 5  IO I5 20 A m t u x  (FEET to? 
r t I I 

4 1 1  I I  t I I I 1 
IS9 132 I09 90 73 Po2 AMalENT 

I2 3 4 5 6 7 8 S iO+G, BREATHING 02AT SpSro 
1 I I I I 0 1 1- - 
I 2 3 4 5 6 ? 8 9 104 BREATHING AIR 
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Too 95 SO 85 80 75 70 65 60  55 
Ole ARTERIAL 02 SATURATION 

b- I ' i i i I I ' i I 1 ~ ' ~ ~  u 
w 
LL 
LL I59 132 I09 90 73 Po2 AMBIENT 
W 

0 I23 4 5 6 7 8 9 lOtG,BREATHING 02AT Spsio z 

ALTITUDE (FEET x IO') 
I I I 7 

0 5  IO I5 

w- 

c 1 I I i I I 8 I 

1 2 3 4 5 6 8 9 I O + G ,  0REATHlNG AIR 

Effects of Hypoxemia on Some Intervening Mental Proccsses 
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BEHAVIORAL FACTORS 
APPROXIMATE AL?ITU ' )E  S R E A T H I N G  A I R  . It  

ARTERIAL OXYGEN TENSION. m m  H p  

General Effect of Hypoxia on Arterial Saturation and Body Function 

I Time Concentration Curve for Adaptation to C02 

IS - 
I4 - 
13 - 
12 

II 
IO 

- 
- - 

9 -  

8 -  
7 -  
6 -  
5 -  
4 -  

3 -  

ADAPTATION = TIME TO REACH 
.COMPENSATION OF RESPIRATORY 
AClPOSlc I 

CHRONIC COz TOXICITY 

I, 0 M A N  
0 ANIMALS 

i 

1 

t II 

Ill 

TOLERANCE LEVELS 

3% AND ABOVE 

PERFORM AN CE 
DETERIORATION, 
ALTERATIONS, 
BASIC PHYSIOLOGICAL 
FUNCTl ON, 
ADAPTATION 

1.5% c 0 2  

NO CHANGE IN 
PERFORMANCE, 
BASIC PHYSIOLOGlCbL 
FUNCTION, LONG 9ANGE 
ADAPTATION PROCESSFS 

NO ADAPTATION 

TIME CONCENTRATION RELATIONSHIP IN ADAPTATION TO INCREASED C02 CONCENTRATION BASED ON 
EXPERlMENfS IN HUMANS AND ANIMALS AND TOLERANCE LIMITS FOR CHRONIC COP TOXICITY BASED ON 
THREE DIFFERENT LEVELS OF A C T l V l n  



BEHAVIORAL FACTORS 

I Human Performance Under Abnormal O2 and C02 

0 IO 20 30 40 50 60 70 80 90 100 

ALVEOLAR 002 - MM HG (BTPS) 

T,iIS GRAPH SHOWS THE RELATIONSHIP OF ALVEOLAR 02 AND C02 COMPOSITION TCI PERFORMANCE. THE 
SCALES ARE PARTIAL PRESSURES OF THE TWO GASES, AT BODY TEMPERATURE ARD PRESSURE, SATURATED 
WITH WATER (BTPS). ABOVE THE DASHED LINE LABELED “NORMAL ALVEOLAR C o t ‘  ARE ZONES OF IN- 
CREASING HYPERCAPNIA, LIMITED BY THE ZONE OF C02 NARCOSIS. BELOW THE DASHED LINE; MARKED AS 
ZONES OF INCREASING HYPOCAPNIA, ARE LOWER LEVELS OF ALVEOLAR C02, WHICH ARE COMMONLY THE 
RESULT OF EXCESSIVE RESPIRATORY VENTILATION. THE L E F T  SIDE OF THE GRAPH SHOWS LOW LEVELS 
OF ALVEOLAR PQ, LABELED ZONES OF “SEVERE HYPOXIA” AND “HYPOXIC COLLAPSE,” AND THESE 
HYPOXIC ZONES COMBINE WITH HYPER- OR HYPOCAPNIA TO AFFECT PERFORMANCE AS SHOWN. 

- - _ _  
NORMAL PERFORMANCE IS SEEN WHEN THE GAS TENSIONS F A L L  IN THE CLEAR AREA: IMPAIRED PER- 
FORMANCE IN A HAND-STEADINESS TEST IS SHOWN BY SHADING, AND THE RESULTS OF TWO OTHER PER- 
FORMANCE TESTS ARE PLOTTED ALSO TO INDICATE THE VARIATION TO BE EXPECTED WHEN “PERFORM- 
PNCE”.IS VARIOUSLY MEASURED. 
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Typical 1 
~~ - ~~ - -~ 

Effects of Vibration on 
Human Beings 

RESPONSE 

Re spir a t i 011 
Control 

Aiming 

Hand 
Coordination 

foot Pressure 
Consistency 

Visual Acuity 

Tracking 

EFFECT UPON I FRE::lNCY 1 DISPLACEMENT 
PE R F 0 RM AN C E (IN) 

Decrement a1 3.5 to 6.0 0.75 
Decremen ta I 4.0 to 8.0 0.14 to 0.61 

Decremental 15.0 0.07 to 0.12 
Decremental 25.0 0.035 to 0.055 
Decremen tal 35 .O 0.03 to 0.05 

Decremental 2.5 to 3.5 0.50 

Decremental 2.5 to 3.5 0.50 

~ _ _  ~ ~ 

Dwcmen t a, ~ -1  1.0 to 24.1) 0.024 to 0.5J 
De cremen?a I 35.0 0.03 to 0.05 
~ e c r e t m  Y I 40.0 0.065 
Decremefibl 70.0 0.03 
DeCWnenid( 2.5 to 3.5 0.5 

Decremen ta I 
Decremental 

0.5 
Oecrementai 0.02 to 0.2 
Oecr emen tal 
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Temperatclre for Comfort Requirements 

'C 'f 

30 

25 

g 20 

2 

> c 
< = 
p. 
Ly 

c 
m 
a 
m 
-I 

c '5 
5 

10 

5 
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TEMPERATURE VS PERFORYANCE 

1200 ;: T o l e r a b l e  f o r  abou t  1-hour,  b;lL f a r  
above a c c e p t a b l e  p h y s i c a l  o r  menta l  
a c t i v i t y  range  

85 Mental  a c t j v i t y  SI-ows, e r r o r s  beg in  

75 Phys ica l  f a t i g u e  appea r s  

65 Optimum f o r  p h y s i c a l l y  a c t i v e ;  
s e d e n t a r y  requires about  70-72' 
t o  be comfortable$: 

50 P h y s i c a l  s t i f f n e s s  o f  e x t r e m i t i e s  
beg ins  

Notes: 1-Iumidities between 33 and 70 % a r e  cons id -  
e r e d  comfor t ab le  by most people .  

;':Summer comfort  zone = 65 - 75'F, 
Winter comfort  zone = 63 - 71'F. 
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I 
Threrhoid of acceptrbAe 
volume - Ctibic Feet volume - Cubic Feet 

Threshold of unaccepbble 

1 

50 25 
7 5  25 

90 25 

105 30 

115 35 

1-20 35 

125 4 0  

1 3 5  50 

140 70 

1 so 85 

1150 71% 

, 

~ 

, 

Threshold Volume Requirements According to Durrtion of Mission 

1 

2 

3 

4 

5 

6 

I 

10 

20 

30 
>60 

RtCOMM~NDAnONf FOR LIVING SPACE IN PROLONGED SPACE MISSIONS 
. .  
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